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| Preface 


Proper refrigeration greatly reduces losses of perishable foods dur- 
ing handling, storage, transportation, and marketing. Providing ade- 
quate refrigeration is the only available method of preserving the 
quality and the nutritive value of many fresh foods. Recognizing 
the importance of refrigeration in the preservation of fruit, vegetables, 
dairy, and other food products, and the interest of many European 
countries in further developments in this field, FAO held a meeting 
in Copenhagen, Denmark, 11-23 October 1948, to which all European 
countries were invited to send their specialists in food refrigeration 
and freezing to exchange information on new developments in these 
fields. Approximately 100 workers were in attendance from: 


Austria France The Netherlands 
Czechoslovakia Greece Norway 
D k Frdenst Poland 
-nmark celanc ; 
enmar elan EEE 
Finland Italy United Kingdom 


A number of workers were invited to prepare papers for presenta- 
tion at the meeting, and these papers have been used as the main 
source of material for this publication. In order to avoid duplication 
and to fill in certain gaps in the material, the papers are not being 
reproduced in their original form. However, the material has been 
redratted and rearranged to provide a comprehensive outline of 
current knowledge in various fields of food refrigeration and freezing, 
which has particular application in Europe, and which is in general 
applicable to all parts of the world. 

The technical papers presented at the meeting and their authors, 
were as follows: 


Principles of Refrigeration Donald K. Tressler (FAQ) 
Theory about Production of Cold S. A. Andersen (Denmark) 
Ice—Production and Use. Erik Holten (Denmark) 


Household Refrigerators, Home Freezers and Locker Plants. S$. Mansted (Denmark) 


Construction of Cold Storage Plans: 
I. Practical Considerations ‘ ‘a A. G. Clausen (U.K.) 


Construction of Cold Storage Plants: 
ieerroblenise.-~ - .- Chore M. Elfving (Sweden) 


Refrigerating Machinery: 
I. Compressors for Refrigeration O. Kramhgft (Denmark) 


Refrigerating Machinery: . 
II. Condensers, Evaporators, Etc. Gustay Lorentzen (Norway) 


ill 


Methods and Apparatus for Commercial Freezing Donald K. Tressler (FAQ) 


Packaging Materials and Machinery....... Mog. Kondrup (Denmark) 


Judging Flavor, Color, and Texture of Foods... c.ctos.o% Mog. Kondrup (Denmark) 
Chilled and Frozen Dairy Products. . . Sigurd Nielsen (Denmark) 


..Olav Notevarp (Norway) 
5. 6 aeAce Danks= (WKS) 


Chilled and Frozen Lean Fish.............-. 
Chilled and Frozen Fatty Fish... 


Refrigeration of Fruits and Vegetables at Temperatures 
aboye *Freezing ents ough pus vie te so a sd Sere ee .....G. Borgstrém (Sweden) 


W. Hugh Smith (U.K.) 
Paul Clement (France) 


Odd Sjetne (Norway) 


Refrigerated Gas-Storage of Fruit........... 
Frozen Fruits and Vegetables... 

The Helgerud Process. . . 

Meatjand Meat, Products. of) 2.2 ia heme setae ee a tha a )o Ae Breweter 4al) 


Chilled and Frozen Poultry D. K. Tressler (FAQ) 


Chilling and Freezing Poultry in Denmark _.A. Thosing Jorgensen (Denmark) 
Miscellancous: Krozen ‘Products 7. ca wenais oh cen ee oe ee D. K. Tressler (FAO) 
Transportation of Chilled and Frozen Foods in Europe.....H. J. Jerne (Denmark) 


Marketing Frozen Foods in Europe....... ..Nils Jangaard (FAO) 


Material has been freely used from these papers. In some cases vir- 
tually the entire paper has been used, while in others, largely for the 
sake of brevity or to avoid duplication, only a portion has been used. 
In still others the material has been largely rewritten to make it fit 
in with related parts of the publication. 

In addition to the material presented in formal papers at the meet- 
ing, there were many informal contributions given in discussion and, 
while it is not possible to indicate these contributions specifically, the 
following workers, other than those who prepared papers, participated 
in the meeting and their contributions to the discussion are grate- 
fully acknowledged: 


V. E. Albertsen (Denmark) 


Frants Bergh (Denmark) 
P. P. Bischoff (Denmark) 
E. Bjorn (Denmark) 

A. G. Blom (Denmark) 
Martin Bosnes (Norway) 
P. Bott (Denmark) 

F. Bramsnaes (Denmark) 


Chr. Christiansen (Denmark) 
W. Cieglewicz (Poland) 


I. Dalkiaer (Denmark) 
Bent. Dehlholm (Denmark) 
B. S. Dinesen (Denmark) 
N. Dullum (Denmark) 


J. Falch (Austria) 


G. Ferguson (Netherlands) 
Anthony Fix (Greece) 


H. Gram (Denmark) 


Poul Hauton (Denmark) 
J.-F. Hearne: (U.K-) 

E. Hoff-Jorgensen (Denmark) 
O. Hoybye (Denmark) 

K. Hvirkelkaer (Denmark) 


J. Ingvardsen (Denmark) 


A. P. Jacobsen (Denmark) 
N. L. S. Jacobsen (Norway) 
P. F. Jensen (Denmark) 


George Kapsiotis (Greece) 
O. Karlsen (Norway) 


FE. Kjaer (Denmark) 

O. Larsen (Denmark) 

Sv. Laurents (Denmark) 

A. C. Levinsen (Denmark) 

J. Lomholdt-Pedersen (Denmark) 
V. E. Lundsfryd (Denmark) 


K. Maarbjerg (Denmark) 

J. Madsen (Denmark) 

KE. Martiala (Finland) 

M. Mastera (Czechoslovakia) 
V. Mathiasen (Denmark) 


A. Pedersen (Denmark) 
Halvor Petersen (Denmark) 
J. Rain (Austria) 

Stanislaw Rostkowski (Poland) 
J. B. Short (U.K.) 

KE. Sola (Norway) 

A. H. Stromme (Norway) 

R. Thevenot (France) 

G. Thorkelsson (Iceland) 
Franco Tradardi (Italy) 


Erling Mathiesen (Norway) 

G. A. May (U.K.) 

H. P. Toft Mikkelsen (Denmark) 
M. Midsem (Denmark) 

Knud. Merch (Denmark) 


C. J. H. van den Broek (Netherlands) 
B. Vanek (Czechoslovakia) 

T. Van Hiele (Netherlands) 

B. QO. Werenskiold (Mrs.) (Norway) 
R. Olaussen (Norway) M. Zizcik (Poland) 


This opportunity is taken to gratefully acknowledge the special 
contribution of F. Bramsnaes, Director of the Technological Labora- 
tory of the Ministry of Fisheries in Denmark. Mr. Bramsnaes’ pa- 
tience and skill in the difficult task of making the local arrangements 
for the meeting and in assisting with certain of the international 
arrangements were in large measure responsible for its success. 

Special thanks should also be given to Prof. Mogens Kondrup, of 
the Danish Refrigeration Research Laboratory, who conducted a 
special exhibition and demonstration of packaging materials and 
frozen foods in his laboratory. Many of the products demonstrated 
had been obtained in the United States especially for the Refrigera- 
tion Meeting and transported by air in a special plastic frozen food 
shipping container provided by the R. H. Bishop Company, Cham- 
paign, Illinois, U.S.A. 

An understanding of some of the more common terms used by the 
food technologist and refrigerating engineer in discussing the refrig- 
eration of foods should aid in understanding this report. 

The term “fresh’’ when used in reference to perishable foods is 
often misunderstood. ‘To the technologist, “fresh’’ foods are those 
which have not been placed in a cold-storage warehouse or preserved 
by any other method, such as canning or dehydration. 

“Cold-stored foods’ or “‘cold-storage goods” are perishable foods 
which have been held in a cold-storage warehouse at temperatures 
above —2° C. There are exceptions to these definitions: e.g., meats, 
both fresh and cured, are almost universally kept in refrigerated ware- 
houses and unless packaged before freezing are not considered cold 
stored. Frozen poultry, which of course has been held at tempera- 
tures far below —2° C., is also called cold stored if thawed before sale. 

No wholly satisfactory definition of “quick freezing” or ‘quick 
frozen” has ever been offered. In the United States and Canada, all 


frozen fruits, vegetables, fish, shellfish, meat, poultry, and cooked foods 
that are offered for sale either at retail in small packages or to hotels, 
restaurants, and institutions in somewhat larger packages weighing, 
e.g., 5 or 10 pounds (2.27 to 4.54 kg.) each, are termed “‘quick frozen” 
regardless of the method of freezing employed. 

In England the official definitions are as follows: 

(a) A quick frozen fish shall be considered to be one, no 
part of which took more than two hours to cool from 0° to 
==" -C. 

(b) A quick freezing plant shall be considered to be one that 

is capable of fulfilling the definition mentioned in (a) when 
dealing with whole fish or with regularly shaped packs or 
packages of fillets in molds, cardboard boxes, or normal light 
wrappings (cellulose film), waxed papers, etc. 

In all countries, products which are frozen in large containers or in 
bulk for processing are termed simply “frozen foods,” although, in a 
broader sense, “quick frozen foods’’ are also frozen foods. 

In the United States and Canada, fish and fishery products and 
shellfish frozen either individually or in pans containing about 30 
Ib. (13.5 kg.) on refrigerated coils (pipes) maintained at —25° C. or 
lower, are termed “‘sharp-frozen” by the trade. Large quantities of 
fruits, especially berries, are frozen in barrels and large tin cans for use 
in making jelly, jam, and preserves, ice cream, ice-cream toppings, 
confectionery, soft drinks, pies, and other baked goods, etc. These 
products are termed “cold pack” or “frozen pack” regardless of the 
temperature or method of freezing employed. 

The Food and Agriculture Organization of the United Nations is 
indebted to Donald K. ‘Tressler for his work in editing the material 
presented at the Copenhagen meeting, and for supplying a great deal 
of additional information on recent developments in food refrigera- 
tion and freezing which are incorporated in this publication. Dr. 
Tressler carried out this work during two periods in which he served 
as consultant on food refrigeration and freezing in the Agriculture 
Division of FAO. During the first period he assisted in the prepara- 
tion for and participated in the Copenhagen meeting, thus becoming 
thoroughly familiar with the subject matter presented at the meet- 
ing by European specialists. His services were again secured to edit the 
material and to prepare it for publication as here presented. 

Special thanks are also due to Mogens Jul, Chief Technologist, 
Fisheries Division of FAO, for assistance in organizing the Copenhagen 
meeting. 


RALPH W. PHILLIPs, 
Deputy Director, Agriculture Division 
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|. Principles of 


Refrigeration’ 


Ik PERISHABLE foods are transported and marketed without re- 
frigeration, their distribution is not only very limited, but great 
losses occur because of spoilaze. Fruit and vegetable losses often run 
as high as 50 percent in warm weather. Refrigeration at tempera- 
tures approximating 0° C. greatly reduces these losses; and prompt 
freezing, followed by storage at —18° C., completely eliminates them. 

Refrigeration of perishable foods has several advantages in addi- 
tion to the reduction of spoilage losses. Foods that are properly re- 
frigerated during storage, transportation, and marketing reach the 
consumer in far better ~ondition and consequently command a much 
higher price. Properly refrigerated foods not only look better, they 
are better because they are sweeter, have a better flavor, and retain 
a much higher content of vitamin C and other easily oxidizable 
vitamins. Proper refrigeration makes possible the transportation of 
perishables for great distances and their sale in markets that would 
be otherwise unavailable. 

Further, it eliminates the necessity of selling perishable foods on 
glutted markets. Under refrigeration, they can be held until the 
price improves, or they can be moved into a better market. 

It is evident, therefore, that more general use of adequate refrig- 
eration will do much to increase and improve the world’s food supply 
by: (1) reducing spoilage of food, (2) preventing loss of vitamins 
and other nutrients, and (3) making a greater variety of wholesome 
foods available everywhere. 

The need for refrigeration is far more general than is popularly 
believed. Meat, fish, shellfish, poultry and eggs, dairy products, 
shortening, yeast, fruits, and vegetables are generally recognized as 





‘Based on a paper presented by Donald K. Tressler. 


perishable foods which must be refrigerated during transportation and 
storage. Many other foods which are not commonly considered 
perishable slowly deteriorate unless they are kept cool, and should 
be refrigerated if they are stored for more than a few weeks, Some of 
the more important of the semiperishable foods include dried and 
dehydrated vegetables and fruits, many nuts, canned and concen- 
trated orange juice, and condensed milk. 

In order to understand why certain foods must be given special 
treatment and why others should be held at especially low tempera- 
tures, it is necessary to know something of the principles underlying 
food preservation by temperature control. 

The principal causes of food spoilage are: 


(1) The growth of micro-organisms (yeast, molds, and bac- 
teria); 

(2) The lite processes of the foods themselves (particularly 
fruits and vegetables); 

(3) Enzyme actions; 

(4) Physical changes such as desiccation; and 

(5) Chemical changes such as oxidation. 


After fruits and vegetables are harvested they continue to live dur- 
ing cold storage. But when freezing kills them, there is no need to 
worry further about respiration and transpiration as such. However, 
consideration must be given to the actions of the enzymes in the tis- 
sues, which are largely disrupted by freezing. It is sometimes said 
that ultrarapid freezing causes little breakdown in tissues. It is true 
that the more rapid the freezing, the less the breakdown of the tissues, 
but even with the least possible breakdown of tissues, sufficient change 
occurs in them to permit abnormal enzyme actions. In frozen food 
the enzyme actions are not simple respiration, but the active enzymes 
slowly destroy the tissues. This is called autolysis. Very low tem- 
peratures (€.g., —40° C.) are necessary to check these enzyme actions. 

Then there are physical actions, the chief of which is desiccation. 
This occurs mostly on the surface of foods. Only after it has become 
very serious does the interior of the food become desiccated or dehy- 
drated. By that time the food is in very poor condition. It is not 
spoiled by bacteria, but it is no longer a good salable product as the 
flavor is affected and the product is tough. 

Some chemical changes are closely associated with enzymic changes; 
others occur independently. For example, in living tissues and in 
meats, poultry, fish, etc., which have not been cooked, oxidation and 
hydrolysis of fats are accelerated by enzyme actions. In fish, shell- 
fish, and similar products, oxidation of the fats, particularly (but not 
solely) unsaturated fats, occurs about as fast, or in some instances 
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faster after cooking (in the absence of enzymes) than it does in prod- 
ucts that have not been heated. 

Another objectionable type of chemical action (or, more probably, 
a combination of physical and chemical actions) in frozen foods is 
the denaturation of proteins. When foods are frozen, the water sep- 
arates as pure water ice and not as a simple solution of the natural 
cell contents. ‘The faster the rate of freezing, the less the water has 
an Opportunity to crystallize as pure ice; consequently, the less the 
proteins are denatured or dehydrated. Regardless of the rate of 
freezing, however, if frozen fish are held under refrigeration for a long 
time the proteins slowly become denatured. Fish held in storage for 
four or five years, even though frozen with great rapidity, become very 
tough, and do not become tender even when they are boiled for some 
time. 

If fish are thawed before cooking, some of the water exudes, leaks, 
or drips from the tissues. The same thing is true of meat, especially 
nonfatty meat such as beef. In lean meat, (particularly thinly cut 
slices like steaks) the thinner the steaks are cut the greater the pro- 
portion of drip to the weight of the meat being frozen. Very rapidly 
frozen meat, when thawed immediately after freezing, has very little 
drip or leakage, but frozen meat held for several months has a con- 
siderable amount of leakage. As the liquid drips out it carries with 
it the juices of the meat or fish, removing much of the flavor and some 
of the nutrients. 

Molds are particularly active in products held above freezing tem- 
perature. The closer to freezing, the less the growth of micro- 
organisms. Further, when products are held closer to freezing they 
respire and transpire less, and the loss of sugar and water is less; 
consequently, the loss of weight and sweetness is minimized. 

Similarly, the chemical and physical actions in cool storage are 
retarded by low temperatures, and, in general, the lower the tem- 
perature the less are the effects of cool storage. ‘here are many 
exceptions, of course, especially with tropical fruits. Bananas are best 
preserved at about 15° C. Many other tropical fruits are best pre- 
served between 10° and 15° C. On the other hand, most of the 
fruits grown in the temperature regions, for example, apples and pears, 
are best held at about —1.5° C.—below the freezing point of water— 
but the products do not freeze because they contain sugar. Apples 
keep nearly twice as long at —1.5° C. as at +2° C. | 

Storage at temperatures below freezing preserves food more effec- 
tively than storage at temperatures above freezing. Ordinarily, stor- 
age above freezing keeps fruits and vegetables for a few weeks or at 
most a few months. Storage below freezing keeps vegetables in good 
condition for at least a year. Perhaps such a long storage period 1s 
not necessary. However, if little or no change occurs in a food 
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in 12-months’ storage in an experimental freezer, it 1s certain that, 
under commercial conditions of storage, the food will keep in good 
condition for at least six months. But if, in the laboratory, there 1s 
a difference in the quality of the food after six months, then the result 
will be disappointing when the process is put into commercial prac- 
tice. As a rule there is more fluctuation in temperature in commer- 
cial storage, handling, and transportation than in a laboratory. 

Minus 10° C. is an important temperature, because below that 
point molds and yeast scarcely multiply at all. It is true that some 
bacteria survive and may multiply very slowly at temperatures below 
—10° C., but the multiplication is so slow that they do not cause 
spoilage. If bacteria, yeast, and molds were the sole consideration, 
it would not be necessary to hold frozen foods below —10° C. Un- 
fortunately, other changes are very active at —10° C., for example, 
enzyme action in damaged tissues. At this temperature many active 
enzymes oxidize foods, change their flavor, and destroy vitamins and 
other nutritive values. Similarly, chemical actions occur rapidly at 
—10° C. and there is also rapid desiccation at this temperature. Many 
cold-storage men feel that extremely low temperatures cause severe 
desiccation. ‘This is a mistake. In general, the lower the refrigera- 
tion temperature, the less the rate of desiccation, other factors being 
the same. If, however, a cold-storage room designed to maintain a 
temperature of —10° C. is reduced in temperature by putting in the 
room enough coil to bring the temperature down to —25° C. without 
increasing the insulation, the humidity of the room is greatly reduced 
and refrigeration is not as satisfactory as in a properly constructed 
storage room. 

Many whole fruits oxidize very rapidly; they change even more 
rapidly after they have been cut. They must be frozen in a way 
that will retard oxidation. Similarly, if vegetables are not treated in 
some manner to inactivate the enzymes, they become oxidized: the 
enzymes become so active that they lose their flavor. Further, frozen 
vegetables which have not been treated prior to freezing soon develop 
peculiar flavors which are undesirable. Consequently, vegetables must 
be treated by heating or by blanching so that all the tissues come up 
to at least 90° C. before freezing; then they must be cooled rapidly. 


IMPORTANCE OF RAPID FREEZING 


Fish and meat products which are frozen rapidly—by quick freez- 
ing—are better than the products which have been frozen slowly. 
Research has proved this beyond reasonable doubt. There are vari- 
ous explanations to account for the better quality. Some believe that 
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it is solely a matter of size of crystal and destruction of tissue by sharp 
crystals. This is only a partial explanation. Fish fillets and steaks 
and steaks of lean meat should be frozen rapidly enough so that the 
colloidal content is maintained pretty much as it was in the fresh 
state. In other words, it is necessary to freeze rapidly enough to form 
the crystals uniformly throughout the tissues and so fix the original 
spatial distribution of the colloid. ‘The size of ice crystal is of some 
importance but it is more important to freeze fish or meat so rapidly 
that there is not time for migration of moisture from the tissues. If 
possible the moisture should be frozen in its original position before 
there is time for large ice crystals to form and the soluble components 
of the meat or fish to migrate into the liquid which has not been 
frozen. It is also of some importance to carry out this rapid freezing 
at a relatively low temperature so that practically none of the moisture 
remains in the fish or meat as unfrozen moisture. 

Considering fish, it is evident that low temperature is of special 
importance in slowing up the oxidation of fats. Fish oil (fat) is highly 
unsaturated and can be used for painting walls of buildings, metals, 
etc. Fish-oil paints are a little more flexible and not so brittle as 
linseed-oil paints. Fish oil has a capacity for absorbing oxygen read- 
ily; unheated fish contain oxidizing enzymes which hasten this action. 
The fat-oxidizing enzymes slowly cause the fat or the oil of the fish 
to combine with oxygen, which results in a rancid flavor. For the 
first month or two, when the difference in flavor is not so noticeable, 
it is not considered rancid but only stale. Later, when the oxidized 
flavor becomes pronounced, it is rancid. 

Changes in the proteins are also pronounced, but the lower the 
temperature the less the change in the proteins. Proteins of frozen 
fish, when held for long periods at relatively high temperatures, be- 
come denatured, lose water, and become tough. Along with that 
change in the colloids there is a change in the flavor. When quick- 
frozen fish are thawed immediately after freezing, practically no 
drip or leakage occurs, but if fish are held at —18° C, for a year 
there is a very considerable amount of drip or leakage because of 
the changes in the proteins. ‘The lower the storage temperature, the 
slower the changes occur; in fish held at —25° C. the change occurs 
very slowly; even after a year it is difficult to distinguish between 
freshly caught fish and those that have been frozen and held at that 
temperature, 

How can many of these changes be checked by means other than 
simple use of low temperature? One means is by glazing. This has 
been used for many years as a means of preventing oxidation. It 
there is a film of ice over the fish, the air is shut out and oxidation is 
reduced to a minimum. Glazing must be repeated at bimonthly and 
sometimes at monthly intervals. The lower the storage temperature, 


the less often it is necessary to glaze. If the fish are held at —40° C., 
one glazing is all that is necessary. At —18° C. they must be reglazed 
every other month. Fillets can be protected from the action of air 
by packing in air-tight packages. If metal containers are used and 
the fish held under vacuum, oxidation is checked. It is the common 
practice in United States of America, Canada, and certain European 
countries to dip lean fish fillets in a relatively concentrated brine for 
a short period. ‘This treatment reduces leakage or drip to a negligible 
amount. The brine coagulates the protein on the surface so that 
when the fish is thawed, the drip or leakage is not lost; however, it 
can be pressed out. 

One innovation in the last two years in the United States has been 
the treatment of fatty fillets with a very dilute ascorbic acid solution. 
If a small amount of ascorbic acid (vitamin C) is used in the water 
in which the fish are glazed, the ice film over the fish absorbs any 
oxygen which otherwise might pass through the ice and no oxygen 
can come into direct contact with the fish. ‘This relatively new prac- 
tice is used for fatty fish so that the flavor is little changed by freezing 
and storage. 

In the case of meat, low temperatures are required to stop chemical 
actions, enzyme actions, desiccation, and loss of flavor. The meat 
must be packed in such a way that the oxygen cannot come into 
direct contact with it. Air-tight and nearly air-tight packages are 
often used, 


THE FREEZING OF FRUITS 


Fruits are greatly changed by freezing. Strawberries, which in the 
fresh state are plump and firm, almost collapse with freezing. If 
they are frozen in liquid air or with extreme rapidity, the collapse 
can be partially prevented. If not frozen with great rapidity, they 
become flabby when thawed, and a large proportion of the fluid in 
the strawberry drips out. Most fruits have very active oxidative sys- 
tems; even at —18° C. there is rapid oxidation. Peaches change very 
slowly to brown and eventually to black because of the oxidation of 
catechol-tannins. Oxidative changes must be prevented. Fruit flavors 
are volatile, and it is necessary to pack fruit, and particularly straw- 
peor x such a way that there is relatively little chance for the loss 
Gs aroma. ‘Temperatures of —18° C. or lower should be used for 
fruit storage. 

Only a little air causes oxidation of fruit. One way of retarding 
oxidation is to pack the fruit in a tin container and seal it under a 
high vacuum. However, vacuum-packing of frozen fruits is seldom 
practiced. If strawberries are packed in heavy syrup or mixed with 
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sugar, the voids between the fruit are filled and most of the air is 
eliminated; further, the syrup or sugar retards enzyme action. When 
peaches and strawberries are preserved for desserts, the method most 
generally used is to slice the fruit, mix it with a heavy syrup or with 
sugar, and pack it in air-tight containers. The sugar or syrup slows 
up enzyme action, and prevents oxidation, and the air-tight containers 
prevent the loss of aroma. 

In 1938 it was found that ascorbic acid prevents the browning of 
cut fruit as long as the ascorbic acid itself is not oxidized. Ascorbic 
acid does not act as a antioxidant, but absorbs the oxygen so that the 
oxygen from the air does not combine with the catechol-tannins of 
the fruit. Thus the fruit retains its original color and flavor. 


THE FREEZING OF VEGETABLES 


Finally, there are the principles applied in the freezing of vegeta- 
bles. It has been pointed out that vegetables also have active oxida- 
tive enzyme systems. Vegetables frozen in the garden and allowed 
to thaw are substantially worthless. If, on the other hand, the tissues 
are heated to 90° C. or higher before freezing, then the vegetables may 
be frozen and thawed without marked change in flavor. Heating, 
freezing, and thawing wilts vegetables, changing the colloidal state. 
For that reason, only those vegetables generally used for cooking are 
commonly frozen. If radishes are heated, then frozen, and afterwards 
thawed, a very limp and inedible product results. ‘The same is true 
of celery which is to be eaten raw. 

Good packaging is necessary to keep frozen vegetables in good con- 
dition. If they are allowed to dry out they change in texture and 
lose flavor. Peas, for example, lose flavor if permitted to desiccate, 
their epidermis becomes a little tough, and they lose their bright 
green color. 

In some cases freezing actually improves the quality of certain 
vegetables, especially if they are properly blanched or heated before 
freezing. [his may seem strange, for in general a frozen vegetable 
is never better than the original product. Certain vegetables, such as 
broccoli, cauliflower, and Brussels sprouts, in the course of blanching 
lose some of their strong taste, actually improving their flavor. 

For an excellent frozen product, vegetables of high quality must be 
selected and handled with great rapidity so that no deterioration 
takes place during preparation for freezing. ‘The temperature for 
vegetables storage must be low, otherwise they lose their bright green 
color. If the storage temperature is as high as —10° C., in about 
three months the vegetables begin to lose color and flavor, become 
definitely inferior, and eventually become inedible. 
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STORAGE TEMPERATURES FOR FROZEN FOODS 


In general, the lower the storage temperature, the longer any given 
frozen food can be held without noticeable change of flavor, color, and 
vitamin content. In most instances the same holds true for texture, 
although the texture of fruits packed with sugar or in a heavy syrup 
may be adversely affected at temperatures low enough to freeze the 
syrup absolutely solid. Some manufacturers of strawberry preserves 
hold their berries at —8° to —10° C. in the belief that the berries 
are better suited for use in preserves if the fruit is not held at low 
temperatures. 

All available evidence indicates that the texture of all other foods 
is retained best at very low temperatures: When stored at —8° to 
—10° C. most fish become tough and “chewy” in about six months. 
At —18° C. these changes in texture in fish are not noticeable for 
10 to 12 months, and at temperatures of —24° C., changes should 
not be noticeable in less than a year. 

Most of those who have studied the effect of storage temperatures 
on the retention of vitamins in frozen vegetables and fruits have 
found that the lower the storage temperature, the more perfectly 
the vitamins are retained. Of course, some vitamins, such as thiamin, 
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are not lost regardless of the storage temperature. Vitamin C, on the 
other hand, is lost at a rather rapid rate if frozen vegetables and fruits 
are stored at —8° C. or above. At —18° C. the rate of loss is much 
slower and at —40° C. none is lost in a year (Figure 1). 

The rate of vitamin C loss is not the same in all vegetables. Aspara- 
gus and some green beans lose vitamin C very rapidly at temperatures 
above —18° C., whereas the rate of loss from peas and lima beans 
is relatively slow. 

The rate of palatability deterioration and loss of green color trom 
vegetables usually parallels the rate of vitamin C loss. In fact, vitamin 
C content is one of the best indices of quality for frozen vegetables. 
If a frozen vegetable has the normal vitamin C content, it is highly 
probable that the vegetable was harvested at the proper stage olf 
maturity and that it was promptly and carefully prepared for freezing 
and then frozen and stored under proper conditions. Mishandling of 
green vegetables at any time is likely to cause severe loss of this vita- 
min. For example, blanching too long washes out a considerable 
proportion of the water-soluble vitamin content. On the other hand, 
inadequate blanching does not inactivate the oxidizing enzymes. 
During storage, these enzymes greatly accelerate the rate of vitamin 
C. loss. 

Some frozen products retain their palatability amazingly well when 
stored at —18° C. Cooked squash, whole-kernel sweet maize, apple 
juice, beef, and several other products if properly packaged do not 
change noticeably for a period of two or three years. On the other 
hand, a number of other frozen foods are likely to deteriorate 
markedly in six months at this temperature. These products, which 
require special care in packaging and low storage temperatures, in- 
clude among others fatty fish of all kinds (especially salmon), poultry, 
peaches, apricots, asparagus, maize on the cob, snap beans, lobster, 
and cooked shrimp. 


PACKAGING 


The way a product is packaged has a great influence on the length 
of time that it will keep in storage at a given temperature, Products 
to be kept for any considerable length of time should be packaged to 
prevent desiccation and retard oxidation. 

Meats, poultry, and fish can best be packaged by wrapping in a 
highly moisture-vapor-proof sheeting or by placing them in a package 
which is nearly impervious to air. Rubber compositions such as Cry- 
O-Vac and Pliofilm are among the best. Specially coated vegetable 
parchments and moisture-proof cellophane are also excellent materials 
for use as wrappers and as liners for cartons. 
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Metal and glass containers are commonly used for fruit juices and 
certain other products. Large enamel-lined tin cans are used for 
much of the cold-packed fruits. Metal and glass containers are not 
only absolutely moisture-vapor-proof, but are impervious to air. Such 
containers are necessary for use in packaging easily oxidizable products 
such as orange juice. The use of air-tight containers greatly increases 
the storage life of any product at any given temperature. 
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2. Ice— 


Production and Use! 


AR LIFICIAL ICE has been produced for many years as ice blocks, 
using big tanks with brine, heavy hoists, ice crushers, etc. Today, 
however, more direct methods make ice in minute form direct from 
the refrigerating machine. Such machines occupy considerably less 
space than the block-ice plant and, especially for smaller installations, 
they are much handier. 

It is, in fact, rather easy to make artificial Opaque ice with a re- 
lrigerating machine, a brine tank, and some ice cans. It is only 
necessary to put fresh water into tapered molds (ice cans), place the 
molds in cold brine, lower_the temperature of the brine below 0° C., 
keep it at this temperature Watil the water is frozen, take out the molds 
and immerse them in lukewarm water to loosen the ice from the 
molds. This produces blocks of milk-colored ice with a high heat- 
absorbing power. But the public wants clear ice at low cost. 

For many hundreds of years natural ice has been taken from lakes 
or ponds in winter and stored in insulated ice houses, or in stacks 
covered with heavy layers of sawdust or sea grass. Such natural ice 
may be cheap when it can be obtained near the place where it is to 
be used, but it is not clean, and the possibility of obtaining ice during 
the winter depends upon the severity and length of the cold periods. 

In the central parts of Norway and Sweden, for instance, there 
is always natural ice in sufficient quantities in winter, but on their 
western shores, and in other countries with warmer climates, there is 
no certainty of having sufficient ice to cover the requirements of the 
following summer. As an example, in the large fishing port of 
Bergen, Norway, natural ice has to be transported a great distance 
and has always been rather expensive. 

When the first refrigerating machines appeared in the middle of the 





*Based on a paper presented by Erik Holten. 
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last century, they were used at once for making artificial ice. Such 
ice, however, is no more artificial than natural ice; both kinds have 
the same physical properties and their cooling effect is the same, 
Artificial ice is only the general term for ice made by a refrigerating 


machine. 


ICE-MAKING SYSTEMS 


In some dairies the evaporator coils are immersed in ordinary 
water, from which ice is frozen on the coils. In this manner, with a 
small refrigerating machine, it is possible to accumulate from the ice 
formed on the coils a considerable amount of cold which, during a 
short period, may be transferred to a milk cooler. ; 

The evaporator may also consist of one or more small containers 
with double walls, or ice can be formed by a vertical shell and tube 
condenser. ‘The refrigerant evaporates in the hollow space*between 
the walls or between the tubes and the shell, freezing the water in the 
container or in the tubes. ‘The ice is loosened by means of hot refrig- 
erant gas. 

In recent times much ice has been made on drums cooled inside 
by circulating cold brine or evaporating ammonia. Double-wall drums 
are also used, with ammonia evaporating in the hollow space between 
the walls. “Phe water to be frozen is sprayed on the drums, or they 
are immersed or dipped in the water or filled inside with water, 
while the ice is scraped, ground, hammered, or broken off in thin 
scales. Ice frozen in this way may be ¢alled quick-frozen as against 
the more slowly frozen block ice. 

There are many types of drum machines, the most important of 
which are the Flak Ice, the Pak Ice, and the Scale Ice systems. 


Flak Ice 


Flak Ice is formed on the outside of a hollow drum made of flexible 
sheet through which brine cooled to about —10° C. is circulated. The 
drum is immersed in an insulated fresh-water tank. The ice is cracked 
from the drum by means of inside rollers pressed against the drum. 
The ice cracks off in pieces about 3 mm. thick. It is removed from 
the machine in a dry condition and stored in double-walled retrig- 
erated bins. : 


Pak Ice 


Pak Ice is formed on the inside of a stationary cylindrical drum 
. . Z sf : 
with a hollow wall. Ammonia evaporates at —16° C. in the cavities 
: ' : 
oO > Be ~ . > ‘© , ‘2% oY at < ve° - ? - ase . 
f the wall, cools the wall, while fresh watel filling the inside of the 
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drum freezes in a thin sheet. he ice sheet is removed by rotating 
scrapers, the ice floats on the top of the water and is skimmed off, 
This ice is not dry, but rather slushy. Pak Ice is used either in its 
original snow-like form or pressed into small briquettes to be used 
instead of crushed block ice. 


Scale Ice 


Scale Ice is ice in sheets about 2 to 3 mm. thick, formed on the 
outside of a rotating double-walled drum, Ammonia evaporates in the 
hollow space between the walls at a temperature of —18° C. or below, 
while water is sprayed on the outside of the drum, forming a sheet 
of ice which is scraped or broken off. Scale Ice is dry and may be used 
in the same way as crushed block and Flak Ice. 

The Pak Ice machine, the Scale Ice machine, to a certain point 
the Flak Ice machine, and similar drum machines working with direct 
expansion and without brine as an intermediary, represent a type 
of ice-making machine that may be predominant in the future. At 
any rate it will be used for small and medium plants with a daily 
output from 2 to 20 metric tons of ice for packing fish. 

These machines occupy a comparatively small space as they have 
no big ice generator tank, no expensive ice cans, etc. ‘The ice they 
produce is smoother and does not damage fine and delicate fish such 
as herring so much as the crushed block ice with its large and small 
irregular lumps. Furthermore, these machines can start at full 
capacity in a few minutes and can work continuously. 


Ice Blocks Frozen in Cans 


The method of ice-making, however, which has hitherto been most 
commonly used and which probably will continue to be used for 
bigger plants is to freeze water in blocks in ice cans. ‘The ice ts 
formed in tapered blocks weighing from a few kilograms up to about 
200 kg. and is used in whole blocks or as crushed ice. 

When ordinary raw water is put into an ice can immersed in brine 
of —8° to —10° C., and is not stirred, the water freezes, commencing 
by the formation in the water of a net of ice needles growing out from 
the can walls. However, the water contains various salts—most fre- 
quently calcium salts and some dissolved air. If the water is still, 
these salts and air bubbles deposit evenly on the ice needles through: 
out the block. If this happens, the finished ice is Opaque, and such 
ice is not popular. Crystal-clear ice is preferred because clear ice 1s 
more attractive and seems cleaner, and because it is said that opaque 
ice melts quicker than clear ice. There are various opinions on this 
last point, but the latent heat is the same for both. . 

The most effective way to get clear ice is by removing the salts and 





13 


the air by distilling and reboiling the water just before freezing It. 
Such water produces crystal-clear ice when the brine temperature 1s 
held at about —6° C. (Figure 2). However, this procedure is rather 
expensive. It is cheaper to prevent the salts and the air bubbles from 
adhering to the ice needles during the freezing process. ‘This 1s 
easily done by agitating the water during freezing. ‘The water can 
be agitated by shaking thin sticks or chains in it, or, better, by blowing 
air into it, through pipes of small diameter. Air agitation has been 
commonly used for many years, either by hanging the pipes in the 
center of the can and using a low-pressure blast or by high-pressure 
blast from the bottom of the can. In either case there is a thin 
opaque core in the middle of the block in which all the salts are 
collected. This core may be reduced by pumping out the water in 
the core before the block is finished and refilling the hole with fresh 
water. High-pressure blast makes more attractive ice than low-pres- 
sure blast, but the appearance of the ice also depends considerably 
on the hardness of the water. For this reason the water is’ often 
softened before freezing. 

Brine temperature is of great importance, the freezing time of an 
ice block with given dimensions being longer at a high brine tem- 
perature than at a low one and the slower an ice block is frozen, the 
clearer the ice will be. Figures 3, 4, and 5 show ice blocks formed 
with the aid of shaker sticks and low- and high-pressure blasts. 

When using crushed ice for packing fish, it is often considered an 
advantage to have both clear pieces and snow, and this is best 
obtained by crushing clear ice blocks with a rather big. Opaque core. 

Ice should be stored for some time at about —6° C. so it is well 
cooled before delivery. 


USES OF JCE 


Ice can be used in blocks, as crushed ice, as scale ice, flak ice, pak 
Mele Ley ier 

Ice blocks are used for cooling ice chests or refrigerators for fami- 
lies or big establishments to preserve foodstuffs of all kinds. Large 
quantities of ice in blocks are used for cooling railway cars for trans- 
port of perishables such as meat, fish, fruit, and vegetables. But most 
block ice is used in crushed form. 

Crushed ice, scale ice, etc., is mainly used for preserving fish and 
fish fillets. It cannot be overemphasized that this is the most effective 
manner of cooling fish when it is not desired to freeze them. 

Fish must be cooled as soon as possible after capture and killing, 
because the bacteria and enzymes in and on the fish are more active 
at low temperatures than in the meat of warm-blooded animals. 
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Fresh fish—not trozen—cannot be preserved satisfactorily in a refrig- 
erated chamber without ice, for two reasons: cooling is too slow and 
the fish skins and natural slime dry out. If fish are packed in ice, this 
cools them very rapidly and at the same time the ice keeps the skins 
and slime humid. 

An example of the use of ice for cooling fish is the procedure fol- 
lowed at Esbjerg, Denmark, home port of more than 500 fishing ves- 
sels. The vessels are mostly of 30 to 70 metric tons, fishing for plaice, 
cod, haddock, herring, and many other fish in the North Sea and 
more distant waters. Each boat takes on 8 to 20 metric tons of 
crushed ice at Esbjerg. At the fishing grounds, the crushed ice is 
arranged in a layer of about 30 cm. in the first bins to be filled, then 
layers of fish are alternated with layers of ice in such a way that there 
is always about 30 cm. of ice between each layer of fish and between 
the fish and ship’s side. In this manner the fish are surrounded by 
ice, most of which remains until the vessel returns to harbor. 

Another important use of crushed ice and scale ice in Denmark 
is to keep fish fillets cold during their transport from Denmark to 
countries as far away as Switzerland. The fillets are packed in parch- 
ment in I-kg. packages. Baskets or wooden boxes are lined inside 
with about 10 cm. of wood shavings. A layer of ice is placed on the 
wood shavings, and the packages of fillets are placed on this, possibly 
with some ice between them, and all of the fillets are covered with 
an ice layer, which is covered with about 10 cm. of wood shavings 
under the cover. 

All of the packing material is precooled and the packing is done 
in a refrigerated chamber. Fish fillets so treated are in excellent con- 
dition upon arrival in Switzerland and are sold there one or two weeks 
after leaving the packing plant in Denmark. . 

Crushed ice is used to cool bottled milk in dairies and during trans- 
port in insulated trucks; it is used with salt to cool ice cream boxes: 
it is used in sausage-making and to cool rye-crisp, especially in Sweden. 

To keep vegetables fresh during transport and in the retailer’s shop, 
fine crushed ice, flak ice, or scale ice can be spread over them. It does 
not damage lettuce, spinach, or other delicate vegetables, but keeps 
them fresh and in excellent condition. Fine ice, like snow, can be 
blown over boxed vegetables in railway cars so that the entire load 
is surrounded with ice (Figure 6). 

_ Ice is normally made from pure water taken from the mains or 
from ponds, and does not contain large numbers of bacteria. Since 
there are always bacteria in fish, it has been proposed to mix the 
water to be frozen with antiseptic materials, or to sterilize the water 
with ozone before freezing, or to mix the crushed ice with dry ice. 
It has been proposed to add hydrogen peroxide to the water in con- 
nection with addition of various salts to lower the pH. Other salts 
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Figure ©. One of the be sf ways of refrigerating Vege tables for transport 


is to cover them with a blast of finely crushed ice 


and a special salt ‘Entozon,” produced by the I. G. Farben works, 
have also been proposed to sterilize the ice, but none of them is used 
in Denmark. <A difficulty in adding such salts to block ice is that 
they cannot be evenly distributed, but collect in the center of the 
block and do not spread evenly throughout the crushed ice. In quick 
frozen ice, however, thé salts are evenly distributed in the ice. 

Ice is sold by the block, by weight, or by volume. Block ice is sold 
in whole blocks for use in railway cars, in halves, or smallet parts for 
use in ice chests. The customers know the normal weight of a block, 
and weighing is done only periodically for the sake of control. Block 
ice is also delivered as crushed ice. The quantity is controlled by 
weighing on automatic balances before delivery, or by counting the 
blocks before crushing, in which case it is practical to have block 
weights of 100 or 125 kg., or eight to ten whole blocks to a metric 
ton. Crushed ice, scale ice, etc., may also be delivered in boxes o1 
sacks containing a certain quantity, the weight of which has been 
fixed once for all. Flak ice and the like may be distributed in cartons 
and sold from ice cream boxes just as ice cream is sold. This was 
done in the United States many years ago, but this product was called 
recently in England “the new form of ice.’’ This method may be 
developed further by grading the ice in different sizes to be sold in 
cartons for various purposes. 

Using pure ice made from ordinary water, only temperatures down 
to —O0° C. may be obtained. When the ice is mixed with sodium 
chloride, temperatures down to —21° C. may be obtained, and with 
other salts even lower. Ice frozen from water containing sodium 
chloride has a melting point down to —21° C. Such ice, called minus 
ice or eutectic ice, may be used for cooling trucks transporting frozen 
products. Minus ice produced by quick-freezing methods has a con 
siderable advantage over block ice, considering that the salt has even 
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distribution only in ice frozen almost instantaneously in thin scales. 
In blocks, the ice from the center of the block contains much more 
salt than the rest. 


DRY ICE 


Dry ice is made from carbon dioxide (CO,), which has a solidifying 
point of —78.9° C. One kilogram of water ice requires 80 calories 
at 0° C. to melt it, but 1 kg. of dry ice can absorb 152 calories at the 
same temperature. Dry ice is carbon dioxide in a solid condition. It 
is made from pure carbon dioxide gas compressed and expanded, and 
thereby cooled to its solidifying temperature. 

The carbon dioxide is obtained in several ways. It can be obtained 
directly from the earth through CO, wells. It can be produced by 
burning coke or other fuels. It can come from breweries, where the 
fermenting wort gives off carbon dioxide. In most cases raw carbon 
dioxide must be cleaned, for dry ice must be clean and free of any 
strange odor. 

Dry ice must be kept in open containers at atmospheric pressure. 
A small amount of the carbon dioxide will then vaporize and keep 
the remainder cooled to about —78.9° C. 

Dry ice should not come in contact with fresh foodstuffs being 
cooled; it freezes them. The foods being cooled must be more or 
less insulated from the dry ice. 

When used for cooling a railway car, a truck, or a container, the 
dry ice may be placed on shelves at the top or in slightly insulated 
bunkers, or it may be placed in a bunker well-insulated from the 
body of the truck or car. A secondary refrigerant or brine cooled by 
the dry ice in the bunker circulates through coils in the body of the 
truck, thus refrigerating it. . 
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3. Household Refrigerators, Home 


Freezers, and Locker Plants 


HOUSEHOLD REFRIGERATORS 


A HOUSEHOLD REFRIGERATOR must conserve many kinds 
of fresh and prepared foods and possibly also frozen foods.  Satis- 
factory results cannot be expected when foods requiring different 
temperatures and different degrees of humidity are put into a refrig- 
erator without considering their sensitivity to these variations. 

A comparison of the original refrigerators with the latest models 
reveals that, apart from the better workmanship and design, technical 
improvements in the later models result in more efficient conserva- 
tion of foodstuffs requiring varying conditions of coldness and 
humidity. 

As a rule, the machinery of the first refrigerators consisted of an 
evaporator with float valve and a small compressor guided by a low- 
pressure control, with SO, as refrigerant. Generally it is considered 
an advantage that the machinery of a refrigerator plant is amply 
dimensioned, but for a household refrigerator this is a disadvantage; 
the plant must be exactly adjusted to the load, and this applies to the 
compressor as well as the cooling surface. . 

Moreover, there is a special condition in connection with household 
refrigerators—the demand for freezing ice cubes. This must take 
place within a reasonably short time, two to three hours, without 
reducing the temperature of the refrigerator too much. In the begin- 
ning this problem caused trouble. In order to keep the compressor 
working for a suitable time in order to freeze cubes, the evaporator 
temperature was reduced to —15° to —16° C., and the result was 
often too low a temperature in the refrigerator, 





{Based on a paper presented by S. Mansted. 
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The heat leakage is generally calculated at about 55 kgcal/hr for 
a 143-liter (5-cubic foot) refrigerator and about 80 kgcal/hr for a 
300-liter (10-cubic foot) refrigerator when there is a difference of 
20° C., between the temperature in the refrigerator and that of the 
surround air. At first—and it is still true of some of the existing 
household refrigerators—the capacity of the compressor was often 
200 to 250 kgcal/hr at an evaporating temperature of —15° C., 
while it ought not to be more than about 100 kgcal/hr. Too large 
a compressor always gives unsatisfactory performance; either the 
evaporator temperature will be very low, which means considerable 
formation of frost on the evaporator and a considerable drying out 
of the foods, or, if this disadvantage is avoided by increasing the 
evaporator surface, there is too short a working period of the com- 
pressor, causing difficulties in freezing the cubes in the trays. 

Furthermore, users have complained that prepared foods from the 
refrigerator lose a good deal of their flavor and acquire “another 
taste,” which is due to desiccation and rapid air circulation in the 
refrigerator. It may be difficult in the small cooling space of a house- 
hold retrigerator to obtain satisfactory conditions for conservation of 
all kinds of foods at highly varying conditions of temperature and 
humidity. 

In the main the following factors are decisive for satisfactory con- 
servation in small as well as large cooling areas: (1) Cleaning of the 
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refrigerator and its equipment. ‘This should be done as a matte 
of course, but it is of great importance that the relrigerator and. its 
equipment be made so that cleaning is easy. (2) The quality of the 
foods conserved. It is still necessary to point out that cooling cannot 
improve the foods, but can only maintain the quality existing at the 
time of placing them in the refrigerator. (3) Temperature of the av 
in the cooling space, degree of humidity, and circulation. Most re- 
frigerators are provided with a temperature regulator so that. the 
temperature desired can always be maintained. On the other hand 
it is usually impossible to interfere with the degree of humidity and 
the air circulation, although these factors have a ereat influence on 
the quality and loss in weight of the foods. In the household relrig- 
erators previously built, and in some still being constructed, the 
humidity can fall to about 55 percent at +5° C. and at the same 
time the air circulation is lively. ‘This is a result of the low ev aporatol 
temperature caused by too large a compressor. Under these condi- 
tions, uncovered foods can lose 20 to 25 percent of their weight 
within seven days, and the appearance and taste are greatly changed. 
This disadvantage is remedied by wrapping the foods or placing them 
in closed containers or hydrators, which are mainly used for vegetables. 
Wrapping or covering various foods prevents, to an essential degree, 
the transmission of smell and taste from one kind of food to another. 

In several of the newest types of household refrigerators these de- 
cisive factors have been taken into account, and the cooling has been 
arranged and the refrigerator equipped in the tollowing ways (Figure 
7): A freezer with a reasonably large cooling surface is built as a box 
with a door in front and separated from the other part of the refrig- 
erator, and is furnished with ice trays and space for conservation of 
frozen foods; Closed drawers are provided for raw meat or fish at 
temperatures of about 0° C., placed directly under the cooling sur- 
face; The remaining part of the box of the refrigerator is cooled 
either by a minimum air circulation along part of the surface of the 
evaporator or by a secondary evaporator coil placed along the outside 
of the refrigerator box to make the air rather stagnant and moist; 
Hydrators are provided for vegetables, etc., and a suitable refrigerating 
unit is exactly adjusted to the refrigerator. 

In a refrigerator of this type it is possible to maintain the tempera- 
ture in the evaporator-freezer at about —10° C., and in the retrigera- 
tor box at +4° to +50° C., with a relative humidity of about 80 
percent. Uncovered foods can be placed in the refrigerator box 
without any significant loss (about 6 to 7 percent of the weight in 
seven days). 

The frozen foods in the freezing compartment must generally be 
wrapped in moisture-proof cellophane or something similar. The 
vegetable drawers must not close hermetically, but must have a fatr- 
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sized opening toward the box of the refrigerator. Otherwise the foods 
may mold. This refrigerator will, of course, be somewhat more ex- 
pensive than the ordinary types with the cooling surface directly in 
the refrigerator box, but the difference in price must be compared 
with the advantage of being able to put foods in the refrigerator 
without wrapping or protecting them in some other way against drying 
or transmission of taste. 

However, the modern standard refrigerator with one evaporator 
can give absolutely satisfactory results if foods likely to dry out are 
protected by wrapping or covering. 

Power consumption of a 143-liter (5 cubic-foot) refrigerator is about 
| to 1.25 kilowatts per day. 


HOME-FREEZERS 


Fresh foods—prepared as well as unprepared—should not be stored 
in a household refrigerator for more than a short time; raw meat 
should be kept only a few days. Frozen foods in the evaporator, 
when the temperature is maintained at —14° to —15° C., may be 
stored for two to three months. 

With the well-known home-freezers where the temperature is main- 
tained at about —18° C.. a valuable supplementary use of the refrig- 
erator has been found, especially for users who can grow their own 
vegetables and fruits and do ; 
their home-killing. Figure 8 
shows a refrigerator with a 
cooling cabinet and _ freezer. 
However, in Denmark, home- 
killed meat was frozen for sev- 
eral years before the first 
home-freezers of the present 
design appeared about 1940. 
For many years it has been a 
general custom for the man- 
ager of a rural dairy to ar- 
range a freezing box of about 
300 liters in one of the brine 
tanks of the dairy, and al- 
though the temperature is 
only about —10° C., a whole 
or a half pig can be stored SS 
there for two or three months. 

It was not until the war 
years that interest in home- 
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Figure 8. Combination household refrigera- 
tor and home freezer with 200-liter Space for 
cooling and 140-liter freezing compartment. 


99 


oe 


freezers in Denmark increased, especially among those in rural areas. 
The volume of the freezers produced in this country usually varies 
from 200 to a little over 300 liters. The biggest type can hold a pig 
and a small calf, suitably quartered. 

Home-freezers of many types and sizes are rapidly coming into 
use in the United States of America. In the cities and larger towns 
the most popular freezers are those having a capacity of about 100 
liters. In the small towns and suburban areas large numbers of 200 
to 300 liter freezers are in use. On the larger farms home-freezers 
with a capacity of 1,000 liters or even more are common. Some of 
these freezers are provided with special freezing compartments; others 
are not. In the United States locker plants are used principally for 
the freezing and storage of meat and poultry, but home-freezers are 
more likely to contain considerable quantities of fruits, vegetables, 
and cooked foods. Proper packaging or wrapping of meats, poultry, 
and fish is considered essential for the proper storage of these products 
in both home-freezers and lockers. Further, all fruits and vegetables 
are packaged in air- and liquid-tight containers. 

A farmer who cannot aflord a large home-freezer often buys a 
small one to keep in his kitchen or pantry as an auxiliary to the 
frozen-food locker which he rents in a plant some distance away. 


LOCKER PLANTS 


The development of locker plants in Denmark will serve as an 
example of recent progress in this important phase of food preserva- 
tion. 

Home-killing has always been common in Denmark, mainly on the 
farms, but in many provincial towns and villages also the housewives 
killed the “Christmas pig.” The part of the meat that could not be 
used during normal storing, without cooling or as a prepared product, 
was cured or smoked, to be used mainly in the summertime, as ham 
and bacon (but, of course, with reduced food value and appearance). 
Vegetables and fruits are preserved to a considerable extent. The first 
locker plant in Denmark (Figure 9) was built in 1943 at Mons Co- 
operative Dairy, where it was installed with 180 boxes in existing 
rooms. The meat and poultry were not wrapped or frozen when put 
in. The boxes were made of round galvanized bars with a door and 
padlock, partly because cheap construction was wanted, and partly be- 
cause at that time it was impossible to get sheets for closed boxes. At 
the beginning it was rather difhcult to rent the boxes; skepticism of 
this new storing method was strong among the dairy shareholders 
and customers had to be found as far away as Stege, a town about ten 
kilometers from the dairy. 




























Figure 9. Interior of first locke) 


plant in Denmark. This open 
type of construction permits se- 
vere desiccation of unwrapped 


frozen produce. (Courtesy of 
Atlas  Maskinfabrik. Copenha- 
gen) 


high and a series of plants 
was erected. Experience had 
been gained and United 
States publications furnished 
valuable information on the 
performance of locker plants. 

The plants in Denmark 
were made with freezer plates 
for freezing at about —25° C. 


It was not long before con- 
siderable interest developed 
and the next year the plant 
was increased by 100 boxes, 
making a total of 280 boxes. 
The following year it was re- 
served for the dairy share- 
holders only. It was now clear 
that this storing method was 
much better than the brine 
tub; killing could take place 
in the summer; poultry ready 
in November could be killed 
and stored until Christmas or 
longer; food was saved. 

By the end of 1945 and the 
beginning of 1946, interest in 
locker plants reached a new 


Figure 10. Interior of up-to- 
date Danish locker plant. Note 
overhead plate evaporators and 
modern steel lockers. 





Figure 11. Locker 
plant engine -room 
with two automatic 
Freon. refrigerating 
units. Either unit is 
sufficient to refrigerate 
the plant temporarily 
if one is disabled. 





and some plants were made with enclosed steel boxes (Figure 10). 
These boxes were 510 mm. wide, 770 mm. deep, 400 mm. high and had 
a capacity of 155 liters. Unfortunately, the great lack of sheets, still 
prevalent in Denmark, quickly limited the use of steel boxes, and 
a great number of plants had to be made with slatted wooden 
boxes. These are cheaper and are made to standard dimensions so 
that they can be replaced by steel boxes when steel sheets can be 
obtained. 

As a rule the engine plant is made with two or more automatic 
Freon compressors (Figure I1) so that half of the engine plant can 
always provide the cold consumption for a prolonged working time 
in case of emergency. By this method it is also possible to obtain a 
proper division according to the evaporating temperature. Instru- 
ment boards with stop valves, filters, gauges, etc., are conveniently 
placed to provide the best possible view. 

The freezing rooms are cooled by finned coils with built-in heat- 
ing clements for defrosting, or with overhead cold-plate evaporators 
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placed directly under the ceil- 
ing. Ihe overhead cold-plate 
evaporators are used to a 
ereat extent and have many 
advantages. Defrosting is eas- 
ily effected by brushing, as 
opposed to finned coils which 
must be warmed by electricity 
or hot Freon vapors. By this 
warming, necessary heat pass- 
es into the room, reducing 
the economy. In_ addition, 
forced air circulation over the 
finned coils causes much desic- 
cation when compared with 
the “gravity cooling” of the 
overhead cold plate evapora- 
tors shown in Figure 10. The 
freezing shelves in a_ locker 
plant are shown in Figure 12. 
The temperature in the box 
room is kept at about —18° 
C. The anteroom, in which 
the foods remain only for a 





Figure 12. Refrigerated plates in the short time, is cooled by a coil 
freezing cabinet of a locker plant. The with a fan and kept at a tem- 


shelves are maintained at approximately 


_ i - 2 it k ¢ 90 ; 
—25° C. All food is packaged and then perature of about +2° C. 


frozen before it is placed in the lockers, Various plants having from 
(Courtesy of Atlas Maskinfabrik, Copen- 30 to 600 boxes have been in- 
hagen.) stalled in Denmark. Most 


plants have an average of about 200 boxes. Locker plants are gen- 
erally established on a co-operative basis, and in many cases the 
idea begins in a co-operative dairy or society. From there the 
matter is further developed, and as a rule results in an independent 
co-operative with its own rules. It is set up for a period of not less 
than 25 years, and, as an economic basis, it is assumed that the engine 
plant will be written off in 15 years, the buildings, boxes, and other 
fittings in 25 years. Electric current, water consumption, and a sum 
for operation and maintenance of the plant must also be taken into 
account. For a plant of 250 lockers the rent is about 60 kroner per 
locker per year. Many private plants have also been constructed for 
renting lockers, and the owners of such plants often offer a special 
service to Customers, collecting and delivering the goods on fixed days 
of the week (for instance, Hjgrring Freezing House has 600 lockers 
and collects and delivers foods in insulated trucks). 
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Home-killing is a common practice in Denmark, and there are no 
slaughterhouses or preparing rooms, in- connection with the locker- 
plants such as are often seen in the United States. 

Up to now principally meat, pork, bacon, poultry, and game have 
been placed in Danish locker-plant boxes, but there is an increasing 
interest in the freezing of fruits and vegetables. Many of the locker- 
plants will be too small when the boxes are required to hold these 
products, because as a rule the ordinary Danish farm houschold pre- 
serves large quantities of home-grown products, 

The packing of the goods is not yet as it should be, mainly because 
it has not been possible to procure the packing materials required, 
such as moisture-proof cellophane, cartons of standard make, and 
stockinettes. 

Because of the lack of foreign exchange, the authorities do not per- 
mit the import or manufacture of these materials. “The Danish Re- 
frigeration Institute and the State Household Council have carried 
on considerable propaganda for preservation in freezing rooms, partly 
by sending out pamphlets and partly by publishing practical instruc- 
tions, for the many home economics advisers throughout the country. 
Unfortunately the general building stoppage imposed in August 1947 
limited rapid development, but the general hope for the future ts 
that a large number of plants will be installed, and that each county 
and town in the country may get its own plant. ‘There is also great 
interest in the villages in the provinces, which primarily are farming 
areas, 

The small and average sized farms and households take a keen in- 
terest in using the lockers in a locker-plant, but most large farms will 
purchase their own home-freezers often combined with a household 
refrigerator. In 1948 about 265 plants were working in Denmark, 
with a total of about 50,000 boxes, but many plants were projected 
and awaited building permits. 
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4. Construction 
of Cold Storage Plants 


PRACTICAL CONSIDERATIONS ° 


THE SITE for a cold-storage plant should generally be in a center 
of distribution. Supplemental plants may be necessary in centers of 
production, but they are more difficult to maintain in full economi 
use, are generally smaller in size, and of a specialized character. 

The best transport facilities should be provided—railroad sidings, 
access to good roads, parking space for vehicles, and, where water-borne 
trafic has to be dealt with, wharf accommodations with cranes fon 
loading and unloading. 


Building 


The design of the storage plant as a whole should provide the best 
facilities for handling the goods—a factor that is often overlooked. 
Some engineers are more concerned with economy in refrigeration 
power than in manpower. When these two factors are in conflict it 
is usually preferable to give preference to the manpower factor, even 
at the expense of the power of refrigeration. 

Fixed conveyers and similar mechanical devices can seldom be 
profitably used in a cold storage plant; the goods must be handled 
manually from the vehicle in which they arrive or into the vehicle in 
which they are dispatched. It is simplest, then, to use a truck for 
internal transport of goods to and from their stowage space. 

Manual stowage limits the height of stow to a little more than 
9 meters. Therefore, considering the economy of labor it is not 
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1 Based on a paper presented by A. G. Clausen. 
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usually economical to construct storage rooms having a greatel 
height than 2.5 or 3 meters. ae 

Structural considerations of the floor loads for which a building can 
be economically designed impose similar limits on the permissible 
stowage heights within the upper floors in buildings of more than one 
floor. 

Lifting trucks can be used for stowage to much greater heights; they 
have great advantages where objects of regular size and shape are 
dealt with, but there are difficulties in using them for the great variety 
of shapes and sizes of the commodities that have to be handled by the 
general cold-storage plants. Like all specialized machines they are 
very good for special purposes, but they are not suitable for all the 
goods that have to go into cold storage. 

The loading platform should be with the floor of the railway cars 
or road vehicles serving the store; this fixes the level of the ground 
floor, furnishes the datum line at which to start, and provides an air 
space below the cold store—the simplest method of avoiding the 
troubles that may arise from freezing the ground underneath. 

When deep foundations are required it may be possible to excavate 
to a sufficient extent to construct basement rooms. These are useful as 
general cool storage but should not be used for cold storage at tempera- 
tures below the freezing point. Besides, the cost of excavated space 
is almost invariably greater than the cost of a similar space con- 
structed above ground. A basement has an average lower tempera- 
ture, but the median temperature is practically the same. 

The number of floors to be provided must be determined by a num- 
ber of considerations: 

(1) In large cities, where sites have a high value and are restricted, 
it may be necessary to construct a building of several floors. 

(2) Somewhat more than half the power used for refrigeration in 
the average installation is required to extract the heat passing through 
the external surfaces. For economy of operation the ratio of surface to 
capacity should be small. 

(3) A single-story building can generally be made to provide the 
gieatest capacity for the least building cost; its equipment is simplest 
and cheapest, for no lifts or hoists are required. Operation is simpli- 
fred if the floor joints are not too large. 

(1) A single-story building gives a large ratio of surface to capacity 
and is bad in that respect; it therefore requires more power for re- 
frigeration than one which more nearly approaches a cube. 

(5) With multifloor buildings the space occupied by elevators, stairs, 
and halls becomes excessive, thereby reducing the proportion of the 
total space that can be made available for cold rooms. 

(6) When there must be more than one floor, elevators or hoists be- 
come necessary. Since the expenditure incurred for this purpose can 
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be made to serve more than one floor, two floors are not economical 
and can be ruled out. 

The insulation of external surfaces represents a large proportion ol 
the total cost of insulation. In a single story plant having a large sur- 
face ratio, the power required to operate it and the cost of insulation 
are increased approximately in proportion to the ratio. 

When the site imposes no restrictions it is probable that the lowest 
total cost, the greatest convenience, and the earliest completion are ob- 
tained by constructing the smaller plants as single-floor buildings, but 
that buildings of three or four floors should be constructed for the 
storages of 500 to 2,500 metric tons capacity. 

Single-story cold storages can follow the simplest factory construc- 
tion. ‘They can be formed within any normal form of multifloon 
building if existing buildings have to be used. But, in new construc- 
tion, the choice lies between reinforced concrete and structural steel 
construction. 

Buildings should be of the curtain-wall type, with all floor loadings 
carried on internal columns to permit the external insulation to form 
a complete envelope, broken only by the ties that must be provided 
between the outside wall and the internal structure. 

These ties must permit the relative movement caused by variations 
in temperature to which the parts are subject, and very careful con- 
sideration must be given to this aspect of the construction of all large 
cold-storage buildings. Expansion joints in buildings are objectionable 
as a possible source of weakness in weather-tightness of the structure, 
but they are less objectionable on that account than the structural 
cracks that may result from their omission. 

Deep beams should be avoided on the construction of floors. With 
reinforced concrete a “mushroom” construction should be adopted to 
provide flat floor slabs. With structural steelwork the main beams to 
support the floors should be arranged in one direction only and the 
crossties between them fixed within the thickness of the floor slab. ‘The 
beams can then be used as the spaces or sites of air ducts or, if the 
rooms are piped, the piping can be arranged between them so that 
there is no loss of storage space. 

Structural steel construction has the advantage that it provides bet- 
ter facilities for the support of pipes, air ducts, or hanging rails fon 
meat; it allows these to be improvised to a much greater extent than 
is possible with reinforced concrete and permits work to proceed 
while the engineers are working out their final details. Structural 
steel also provides greater scope for small] alterations in design that 
so often have to be made during the progress of work, or for altera- 
tions that may be desirable. 

Floors should be finished in granolithic or other hard-wearing sur- 
faces treated for a dustless finish. The floor surfaces immediately in- 
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side and outside the cold store doors should be laid with steel-faced 
or similar tiles to withstand the wear of trucks. 

Goods in cold storage should be supported by dunnage on the floors 
to provide an air space of about 7.5 cm. With care in design a pro- 
portion of these can be permanently formed on the concrete floor, but 
they should not obstruct the access of trucks to all parts of the room 
and they should be laid in the direction that assists air circulation. 


Subdivision of Cold Storages 

In England the function of most cold-storage plants is the storage 
only of goods that have been chilled or frozen in some separate estab- 
lishment and that enter the storage at a low temperature. That is to 
say, the cold-storage plants are used mainly for the storage of food 
which has been frozen in Australia, New Zealand, South America, 
United States of America, and in other distant parts of the world and 
which arrives in a frozen state. These goods can be taken directly 
into the storage rooms, the slight increase in temperature resulting 
from transport being insufhcient to affect goods already stored. 

If, however, the incoming goods are in a warm condition they must 
be cooled and, if necessary, frozen in separate spaces before they are 
transferred to cold storage. On the Continent the majority of cold 
stores are used for both purposes and must have accommodations for 
freezing and storage. ‘The rooms used for freezing can be used for 
storage, but should not be used for both purposes at once. 

Cold stores are used for a wide range of products that may require 
different temperatures and may in some cases have to be isolated so 
that their odor does not affect other goods. 

Stowage should be done in such a way as to provide access to any 
consigninent of goods at any time; this may be difficult in very large 
spaces. A capacity of 200 to 250 metric tons is about the maximum 
that should be provided in any single space. Very large rooms often 
make handling more difficult. A general cold-storage plant should per- 
mit the fullest possible use of its space for any class of storage with 
the minimum of subdivision. This adds greatly to the cost. 

In a purely functional establishment such as a meat plant it is 
possible to design for a definite program. That cannot be done for 
general cold storage; it must be prepared to deal with the unforeseen. 
Successful design, however, must be based on a reasonable estimate 


of the quantities and kinds of the products to be stored, their rate of 
arrival and their condition at entry. 


Insulation 


Many materials can be used for insulation, but loose fillings should 
only be employed when no satisfactory form of slab is available. Slabs 
of compressed cork remain standard. 
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The test rate of heat transmission through cork slabs should be in 
creased by about 30 percent to allow for the effect of joints, imper- 
fections in workmanship, the tie bars that must extend through the 
insulation, and the infiltration of air which cannot possibly be stopped, 
in order to arrive at the refrigerating power that must be provided 
for heat losses through the insulation. 

The thickness of insulation must be governed by the relation. be- 
tween its first cost and the cost of power required to operate the re- 
frigerating machinery. ‘The usual practice in England is to provide 
for the walls about | centimeter of cork for each 2° to 2.5° C. differ- 
ence between the temperature to be maintained inside and the mean 
summer temperature outside. A greater thickness should be used for 
flat roofs exposed to the direct rays of the sun and a smaller thickness 
for the floor. Cork slabs to make up the total thickness should always 
be applied in two thicknesses laid to break the joint in both directions. 
Where greater capacity is required it may be necessary to use three 
layers. 

Cork slabs can be fixed to walls and floors with cement or bitumen, 
and the same materials are used for fixing the second layer to the 
first, generally with the addition of wooden skewers driven at an 
angle. 

Internal partition walls and floors must also be insulated when 
they separate spaces that may have to be maintained at different 
temperatures. It is advisable to use two layers and the thickness ap- 
plied is generally greater than that given by the rule for outside in- 
sulation. This provides for the contingency that these walls may in 
effect become an outer surface if the adjoining space is out of use. 

An ideal construction for insulation would have an outer skin that 
is completely impervious to air and water vapor and an inner lining 
that does permit the passage of air and water vapor. ‘The inner lining 
should at the same time be hard and smooth so it can easily be kept 
clean and resist the damage from rough usage. This is practically im- 
possible to attain. 

Asphalt or bitumen, properly applied, makes a more impervious 
outer skin on the external walls and ceiling, but it may soften on sur- 
faces exposed to the sun and there is then a risk of the insulation 
falling inside. In such situations it is advisable to use cement, but 
the choice between cement and bitumen should be decided by the 
class of labor and the supervision available. The efficiency of insula- 
tion depends to a very large extent on the skill and care used in its 
application. 

Insulation must be laid on a ground floor and a working floor laid 
over it, but the intermediate floors are best insulated on the under- 
side only, the cork slabs being set up in the forms and the concrete 
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poured directly on it. he objection is made that this method soaks 
the cork with water, but it dries before the cold store can be put into 
use, so there is no loss of efficiency. This method is simple, effective, 
and secure. 

Columns projecting through floor insulation must be insulated on 
their sides to a height of 1.25 to 1.5 meters. This insulation should be 
strongly protected at the corners to prevent damage from trucks. 

Internal structural walls, when required, can be built directly on 
cork insulation, but if their height exceeds about 3 meters it is advis- 
able to use cork slabs which have been more heavily compressed. 
There is no need to leave any breaks in the cork envelope. 

Flat concrete roofs can be insulated on the underside in the same 
manner as intermediate floors, or the cork can be laid on top of 
the structural roof slab, graded, and waterproofed. The latter method 
makes it unnecessary to insulate the upper portions of columns and 
reduces structural stresses caused by temperature differences, but it 
calls for considerably greater care in design and workmanship at the 
junction of the roof and the walls. Cork laid on the top of a roof 
must be exposed to the weather until it is covered, but heavy rain 
or even snow does not appear to affect its efficiency if it has reason- 
able time to dry out before the storage plant is cooled. 

Internal surfaces of cork insulation can be finished with cement 
mortar applied in two coats and finished with a wooden float. The 
cement unfortunately cracks at regular intervals, but its appearance 
can generally be saved by scoring. Cracking can be avoided by the 
use of softer plasters, but these generally disintegrate under cold stor- 
age conditions, and bitumen finishes are too easily damaged. 

Fixed dunnage battens must be provided for all walls to provide 
space for air to circulate between the walls and the goods stored. 
They are generally made of timber in sections about 50 by 50 cm., 
spaced about 30 cm. apart. | 

Cold-storage doors should provide a clear opening of about 1.25 
meters width; they must be hung to give a clear opening and should 
swing easily. The fastener must operate trom both sides; it should be 
capable of taking a padlock for locking. The lower halves of door 
and frame should be protected by galvanized steel sheets to prevent 
damage from trucks. 


Temperatures and Humidity 


In England the temperature maintained in cold storages varies with 
different conditions, but can be considered as falling into one of 
sa general groups: (1) About 0° C. or slightly above for provisions 
that are maintained in a chilled state ; | be rreez 
é ‘ state and would be damage ' freez- 
ing—mainly fruits, eggs “ Ge i a ape 
ae a ee “bes, Meat, cte.. (<4) About —-10° © for frosen 

‘el and butter being preserved for riods. This i 

(ter being preserved for long periods. ‘This is the general 
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storage temperature in Great Britain, (3) About —20° C. for quick- 
frozen provisions of all kinds. 

In the first group, precise temperatures and their maintenance with- 
out appreciable variation are most important. In the second and third 
groups the precise temperature is not of great importance, but it is 
necessary that it be constant, with a minimum of variation. 

The humidity to be maintained in a room kept at 0° C. or higher 
should be as high as possible to avoid loss of weight by evaporation 
or surface drying, but not high enough to encourage the growth of 
molds during storage. ‘This condition is generally realized with a 
humidity of between 80 and 85 percent, which is fortunately provided 
by the usual arrangements adopted for refrigeration, and it is seldom 
necessary to take measures either to increase or to decrease the humid- 
ity that is naturally attained. 


Refrigerating Machinery 


Ammonia-compression-retrigerating machinery is recommended for 
commercial stores of any large size. ‘There should be a stand-by for 
each working unit or sufficient spare parts to ensure continuity of 
operation. It has been usual in the past to provide two compressors, 
one working and one stand-by. Much greater economy of operation 
can be obtained by installing three or even four compressors of a 
smaller size, of which only one need serve as a stand-by. ‘This permits 
the refrigerating power available to be more closely adjusted to the 
duty. 

The working compressor unit should have sufficient power to main- 
tain the required temperatures throughout cold storage space when it 
is run for 16 hours per day during very hot weather and when all the 
rooms remain closed. This provides greater economy than can be ob- 
tained by devices for reducing compressor capacity either by clearance 
pockets or by-passes. 

Condensers can be of the shell and tube type when ample supplies 
of condensing water are available. If dirty river water is used, the 
vertical type is preferable, as the tubes can be cleaned while the plant 
is in operation. When water is scarce, shell and tube condensers can 
be used in conjunction with cooling towers, or the condensers may 
be either the older atmospheric type in favorable situations or the 
more modern forced-draft evaporative type. 

Cold-storage rooms can be cooled by air circulation only, by piping, 
or by a combination of these two methods. In any case the refrigerant 
can be used directly or it can be used to cool brine which is in turn 
circulated through the cooling appliances as a secondary refrigerant. 

Air circulation only should be used for rooms cooled to 0° C. and 
higher temperatures. It should be used in all cases for the rapid 
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cooling or freezing of warm products and it is suitable for the lower 
temperatures. It may be described, indeed, as a universal application, 
though piping alone is preferred for rooms that are definitely used 
for frozen storage temperatures and particularly for those in the low- 
est temperature range. Air circulation from one air cooler must not 
be made to serve rooms in which products may be stored that would 
taint others. 

There is very little difference in the total cost between a storage that 
is cooled by a single air circulating system and one which is cooled 
entirely by means of piping, but if there are large numbers of rooms 
that must be maintained as independent spaces, the balance of cost 
falls largely in favor of the pipe system. A combination of both sys- 
tems also, of course, increases the first cost. 

Ammonia can be used as a direct refrigerant in all cases, but where 
there are large numbers of circuits the use of brine as a second re- 
frigerant simplifies the engineer’s work of control. 

In all cases the flooded system is best. Pump circulation of the liquid 
should be provided for extended circuits. In direct systems, the econ- 
omy gained is indicated by the fact that when the older ‘‘direct- 
expansion” systems are converted to conform with modern practice 
there is a power saving of at least 25 percent and possibly as high as 
30 percent. 


Accessory Parts 


One or more platform-type weighing machines must be provided 
for the receipt and dispatch of goods, with a platform large enough 
to carry the trucks used. There should be a small covered office or 
enclosure adjoining for the checker. 

There must be ample provision of easily maneuverable trucks suit- 
able for the products handled. Each truck should have its weight given 
on a metal label. ‘Truck weight must be checked at regular intervals; 
it tends to increase. ; 

Except in the smaller stores, elevators should have a cage large 
enough to take two trucks and the operator. It is usually best for one 
man to transport a truck from the platform to its final destination in 
the cold-storage rooms, so that elevator control should be push-buttons 
Have one’ gan’ Of tha’ ple tea, at ela ee 

§ x Z perator, and another 
gang serving the cold-storage rooms. A general rule which seems to 
work 4s to provide one elevator per 1,000 metric tons total storage 
Capacity. : 

The lighting in cold-storage rooms should enable the operators 
to distinguish marks on goods in any portion of the rooms without 
portable lamps. Excessive lighting should be avoided, but the heat 
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the remaining coil area, whereby a better drying effect is obtained 
for the same amount of refrigeration. 

The use of forced air circulation in coolers should be reserved for 
special purposes. High storage temperature in coolers enables the 
air to take up large absolute quantities of moisture, and heavy weight 
losses may occur very quickly if forced air circulation is used. 

For receiving rooms, where warm goods have to be cooled down, oi 
in freezing chambers tor the freezing of goods, there is no danger in 
the use of forced air circulation, Weight losses are unavoidable during 
the cooling or freezing of goods unless the goods are protected by a 
moisture-prool wrapping like Cry-O-Vac or similar material. “The 
mechanism of the evaporation in this case, however, is quite different 
from the evaporation during the state of equilibrium in the storage 
room. ‘The source of heat for the evaporation is no longer the sur- 
rounding air but the warm goods themselves. ‘Theoretical calcula- 
tions and practical tests show that 20 to 40 percent of the heat removed 
from unprotected meat when it is cooled or frozen is a result of 
evaporation from the meat. High air velocity does not always cause 
higher evaporation. A dry skin of a hygroscopic nature is rapidly 
formed in forced air circulation, and evaporation is retarded. ‘The 
faster the temperature is lowered the better, and forced air circulation 
is generally recommended for freezing. Also, reversing the air direc: 
tion in many cases reduces freezing time and is preferrd to highe 
air velocities, which take larger fan motors with extra heat loads. 


Location of Coils 


When goods are stored in a freezer without forced air circulation, 
their temperature is lower than the air temperature. ‘The air is there: 
fore cooled_at the surface of the goods, which would cause an air move- 
ment downwards. At the same time, however, the goods give off wate 
vapor, and, as water vapor has a lower specific weight than the dry 
air, this causes an air movement upwards. A further study of this 
process leads to the conclusion that the resulting driving powe 
always is directed downwards, and the air around moist goods in 
equilibrium in a freezer store therefore moves downwards. If, how- 
ever, meat or other foodstuffs with a high water content are brought 
into the freezer storeroom without being completely cooled to the 
storage-room temperature, or in some cases not completely frozen, 
then evidently the air movement around the goods is upward because 
the air around the goods raises both its temperature and its humidity, 
and these two factors together create an upward movement of the 
air. If the coils are placed on the sides of the goods, there ts always 
4 natural and favorable air movement as long as the goods have a 
higher temperature than the air, for there is a downward air move- 
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ment at the refrigerating coils and a rather strong upward air move- 
ment around the goods. Therefore, there is very little risk in placing 
all the coils at the walls. In critical cases, where the food is incom- 
pletely frozen or cooled before it is put into the freezer store, si 
on the ceiling provide an unfavorable air circulation compared with 
coils at the walls. 

The coils of a low temperature room should, for obvious reasons, 
be made as prime surface coils. It is necessary to keep the refrigera- 
tion coils free from surplus snow by scraping and brushing the pipes 
at intervals in order to obtain good heat transmission and the cheap- 
est possible refrigeration. Fin coils should, therefore, not be used in 
freezer stores. Prime surface coils can be placed either on the walls 
or on the ceiling. Ceiling coils are very often used, but they should 
be avoided because of the difficulty of proper scraping and defrosting. 
Scraping, brushing, and defrosting can be done with the coils on the 
ceiling, but this involves extra labor cost. Radiation from the ceiling 
does not justify coils on the ceiling. Small or medium-size cold- 
storage plants usually have available walls for a sufficient coil area. 
This is always the case when the room area is 200 m? or less. If the 
room area is larger, then the layout should provide aisles for transport 
and all the coiling should be located on the walls and over the aisles 
so that scraping and defrosting can be done without moving the 
stacks of goods. 


Optimum Amount of Coil 


The refrigerated coil area is of course dependent upon the location 
of the freezer and the surroundings of every room. In the United 
States a widely used ratio is 1 linear foot of a 2-inch tube per 5 to 6 
cubic feet of refrigerated volume, which corresponds to 0.3 to 0.4 
m*/m* of storage volume. It is better, however, to calculate the coil 
area for each individual room than to follow any rule of thumb. It 
is recommended that calculation of the refrigerated coil area be based 
upon the maximum load, assuming a heat transmission coefficient for 
prime surface coils of 9 kgcal/hr m2 0° C., and calculating the area 
for a temperature difference between air and the coil of 4° to 6° C. 
This coil area is economical and provides a humidity which many 
times, according to experience, exceeds 90 percent. 

It should be remembered that the driving power in cold-storage 
rooms using prime surface coils is rather small and no hindrance of 
any kind should be placed underneath the coils (for instance, no drip 
pans). In cooler rooms fin-type coils can be favorably located on the 
ceiling, where they can be provided with drip pans to catch water 
and ice during defrosting. 
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Freezers 


The cooling system in quick-freezing chambers should be of the 
air-blast type. 

Defrosting is usually done by means of hot gas from the com- 
pressor, and ice and water are collected in small troughs underneath 
the coil nest. If there are several freezing tunnels of this type it is 
practical to arrange them in a row and on the back side to provide 
a defrosting corridor from which all the defrosting troughs can be 
emptied. By arranging such a corridor, moisture can be prevented 
from infiltrating into other corridors and the worst part of the 
refrigerating plant with regard to condensation and frosting can be 
isolated within a limited area. Other defrosting systems use water, 
brine, or electricity. . 

In a modern freezer storage plant it is recommended that a special 
receiving department be provided for freezing warm goods before 
storage. Such a department requires a floor area of only about 8 per- 
cent of the total storage area if the freezing is done in narrow air-blast 
rooms with efficient two-step compressors. Each freezing chamber 
should have a floor area of about 3 (maximum) by 9 meters, includ- 
ing coils, which can be placed at the end of the room. A refrigerating 
effect of 15,000 to 20,000 kgcal/hr at —40° C. should be provided for 
each chamber, capable of freezing up to five tons of food a day. ‘The 
necessary fan capacity is only 20,000 m*/hr if automatic reversing of 
air direction is arranged. ‘The air should be blown across the coil 
nest and conducted along the ceiling to the door end; it should then 
pass over the goods, evenly distributed within the room, and enter 
the coiling from underneath. When the fans are reversed, the air 
leaves the coil nest at the floor, enters the coiling above, passes the 
goods, enters the ceiling duct at the door end of the room, and is 
brought back to the coiling. 

In a receiving department, which may consist of six to ten air-blast 
chambers, meat and bacon may sometimes be only partially frozen 
with freezing completed during storage. Freezing of goods in storage 
rooms should otherwise be avoided. So-called sharp-freeze rooms, 
which can be utilized both for freezing and storage, do not offer a 
radical or economical solution of receiving problems. Freezing and 
storing take different types of compressors and equipment. ‘These 
functions, and the rooms for them, should be kept apart, 


Cooling Systems 


The simplest cooling system is the direct expansion system, in which 
the refrigerant (e.g., liquid ammonia) evaporates in the piping, of 
the cold storage rooms. Another system is the indirect, in which 
brine is cooled by the refrigerant and circulated through pipes to 
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various parts of the building. The brine circulating system is pre 
lerred in public cold-storage houses of the United States for use in 
rooms maintained at temperatures above freezing. The reasons: No 
claims can be upheld by storers of perishable goods that the goods 
had been damaged by absorbing refrigerant odors escaping from 
defective piping. ‘The regulation of proper brine flow to maintain 
the required temperature is claimed to be less difficult than the regu- 
lation of the refrigerant in the direct system. It is claimed that 
more uniform temperatures can be maintained by the brine system. 
This concept is changing. It is possible today to make a direct ex- 
pansion system with pipes so tight that leakage very seldom occurs. 

Temperature regulation in a direct expansion plant can be made 
fully automatic by placing thermostats in every room. The coiling 
is cheaper in a direct expansion system and only the suction pipe- 
lines need insulation; the pressure pipe lines can be left bare if expan- 
sion valves are placed at each storage room. 

There are, however, other points of view: A direct expansion sys- 
tem contains much more refrigerant than a brine-pipe system. In a 
small plant of 10,000 m* refrigerated volume, the amount of ammonia 
used as a refrigerant can exceed 10 metric tons, and this creates a war 
risk. Some authorities say that the plant should have bomb-proof 
tanks into which the refrigerant can be pumped. This is sometimes 
impractical. Sectionalizing the plant by closing valves so that the 
ammonia content is split up in a great number of coils and pipe lines 
is more practical. “The remaining refrigerant in receivers can quickly 
be pumped into a bomb-proof storage tank. 

In a direct expansion plant it is recommended, at least for bigger 
plants, that a flooded system with ammonia pumps be used. For 
plants with a capacity under 2,000 metric tons, pumps are not neces- 
sary for economy. Suction lines should be carefully calculated from 
the standpoint of pressure drop. Even those suction lines remote 
from the machine room should not have a pressure drop exceeding 
an equivalent temperature difference of 1° C. 


Refrigeration Requirements and Insulation 


One of the most important calculations to be made when planning 
a cold-storage plant has to do with the capacity of the refrigerating 
machinery and the refrigerating effect to be distributed to each indi- 
vidual room. ‘The first item in such a calculation is the heat intake 
through the insulated walls, floors, and ceilings. The next item is 
ae to be removed Beets San which includes the cooling to 
reeving temperature, the latent heat of freezing, ; » subcooling 
ol the Snes alter freezing to the tcnbetaainece ieee ee 
rooms. Warm or cool goods should never be put into freezing stores 
without having passed through the freezing chambers or tunnels. 
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However, it must always be assumed that frozen goods will arrive in 
lreezer storerooms incompletely frozen or at least with a temperature 
above that of the room. <A sufficient margin of refrigerating effect 
must be added to take care of this extra load. In freezing chambers 
the main load is the latent heat of freezing, the insulation losses here 
being only a small part of the needed refrigerating effect. But the 
removal of heat is expensive at low temperatures and freezing tunnels 
should be well insulated. 

To this main load (heat intake through insulation and heat. re- 
moved from goods) is added the load of warm and moist air coming 
into the rooms by door openings. As a minimum, the total air volume 
in the room is changed once a day; in freezing rooms it is changed as 
many as five times a day. The condensation of moisture in the fresh 
air entering the room requires little refrigeration and can be neglected. 
Finally, there is a small extra load for lighting and people working 
in the building. 

There is little use in going into details about capacity calculations. 
For European conditions the insulation of walls, floors, and ceiling 
should be given a thickness which corresponds to a k-value of about: 


a O04 for coolers 
kee .0°25 for treezers 
Koss 1).9 for quick-freeze rooms and sharp freezers 


Much could be said about the effect of sun radiation, but it 1s 
sufficient to say here that an extra 10 to 20 percent should be added 
for the heat intake through flat roofs and walls facing south. “The 
temperature difference should be calculated, using the highest mean 
temperature of a day in the neighborhood of the building; in Sweden, 
for instance, this is usually + 25° C. 

This paper does not consider the economic thickness of insulation, 
which is complicated by more problems than are generally assumed, 
or the well-known formulas for calculating thickness of insulation. 
A more useful purpose is served by taking up the properties of insu- 
lating materials. 


Insulating Materials and their Properties 


There are three important factors in the consideration ol insulating 
materials: The k-factor or the \-value, resistance to moisture and 
water vapor, and adaptability to cheap building construc tion methods. 

Resistance to moisture does include durability in the presence o! 
moisture and the ability of the material to maintain its insulating 
value in the presence of water vapor or condensed moisture. If wate 
is absorbed by porous or fibrous materials and perhaps frozen in the 
material, the conductivity increases considerably. ‘The curve in Figure 
18 indicates the influence of water on the conductivity ol cellular o1 
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INCREASE OFA porous insulating materials. 
Many widely used insulating 
materials can absorb up to 
20 to 25 volume-percent of 
water. This curve makes 
clear that the A-value for in- 
sulating materials in a bone- 
dry condition the figures usu- 
ally published have only aca- 
demic value if moisture gets 
into the material. 
Cork is a widely used in- 
sulating material. Experience 
a 3 Es = eS ** has shown that a very efficient 
ee weRceN) cold-storage insulation can be 
Figure 13. Influence of moisture content made with cork, but because 
on heat conductivity of a porous insu- of its hygroscopicity aT tai 
eae ture absorption the material 
must be installed with the greatest care. It should always be sealed 
with first-class bitumen. 
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Tests have shown that ordinay expanded cork can absorb up to 
20 volume-percent of water with an increase of the \-value of over 
300 percent. Expanded cork has, however, a natural ability to repel 
water, due to a capillary distribution of absorbed water back to the 
warm side. ‘The practical limit for absorption of water in cork can 
be fixed at about 12 volume-percent, corresponding to about 200 
percent increase of the )-value. 

During the last ten years several insulating materials have appeared 
on the market which are made of glass or material like glasswool, 
rockwool, and stonefelt. These materials at first had a structure 
capable of absorbing larger quantities of water—up to 20 volume- 
percent. By making the glass fibers very fine, as in Fiberglas, it has 
been possible to increase the natural drainage of this material so 
that the maximum content of water is about 4 to 5 volume-percent 
or lower. These materials have one quality in common—they are 
noninflammable. Certain grades, however, are impregnated with bi- 
tumen, which slows up water absorption but makes the material 
inflammable, . 

Many efforts have been made to create a cellular structure abso- 
lutely impervious to water vapor. Styrofoam is a plastic material of 
cellular structure, made from polystyrene or polystyrole. Polystyrene 
has great resistance to water and water vapor, but it is not completely 
impervious. Experience has shown that water slowly gets into the 
material and cannot be removed. It also has a tendency to shrink: 
it should be used only when completely sealed in bitumen. 
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A quite different material is expanded glass or Foamglas, which is 
completely impervious, but has a higher \-value than insulating 
materials in this field in general. Foamglas is made in comparatively 
small blocks, and the joints are its weak points. The material has 
been widely used in the United States, especially for floors and mili- 
tary refrigerating plants. However, the building costs are high be- 
cause thick walls are necessary. 

There are a few other cellular materials, principally expanded 
rubber compounds, which are comparatively tight to water vapor. 
These materials are expensive and they have not been known long 
enough to assess their durability and shrinkage. 

To overcome water-absorption difficulties in cellular and fibrous 
materials there are also in the market multi-layer insulations built of 
various materials. Alfol is made from aluminum foils, but is little 
used in cold storage plants. Isoflex is made from plastic film materials, 
for instance, cellulose acetate or polyvinyl chloride film, which are 
unaffected by moisture. Inspection after many years in use at a 
temperature of —20° C. has shown that it is possible to keep this 
insulation completely dry. Other air-layer insulations are built from 
impregnated paper, but they are badly affected by moisture if it is 
allowed to be soaked. When using such materials, cooled air should 
be circulated in the insulation in order to prevent soaking by con- 
densation. 


Vapor Barriers 


Regardless of the type of insulating material used, it is important 
to prevent water vapor from penetrating the outer walls. Because ot 
the ever-present difference in water vapor partial pressure in the air 
outside and inside the cold-storage building, there is always a migra- 
tion of water vapor into the building. The difference in partial 
pressure in water vapor usually has the value of 0.1 atmosphere. Con- 
crete is comparatively easily penetrated by water vapor. A concrete 
wall 3 cm. thick, at 0.1 atmospheric pressure difference, has a penetra- 
tion of 0.5 grams of water per hour per square meter. Every gram 
of water that goes through the outer wall condenses in the insulation 
or freezes, lowering the insulation’s efficiency. Even if insulation 
is not affected by absorption of moisture, some water vapor enters 
the building anyway, and each gram of water absorbs 0.6 to 0.7 
kgcal., since the latent heat for water vapor is about 600 calories and 
the latent heat for freezing about 80 calories. So, even from this 
point of view it is wise to have a vapor barrier as close to the warm 
side as possible. art, 

When the water vapor gets into the insulating material it enters 
existing capillary tubes due to the hygroscopicity of the material. 
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When it arrives at the layer of the insulation where the temperature 
is reaching the dew point, condensation takes place. Farther in, a 
temperature is reached where freezing occurs. Condensed water, and 
even ice, has a water vapor pressure which usually is higher than the 
partial pressure of water inside the store room, so it would be possible 
for the condensed water to migrate through the wall into the store- 
room and for the moisture to condense or freeze on the refrigerated 
coils. Water migration is complicated in many ways by the hygro- 
scopicity of the wall material, which in one way prevents the migra- 
tion by depression of water vapor in capillaries, but on the other hand 
may help to bring the water back to the warm side again. 

The entrance of water vapor is never completely stopped. ‘The 
best that can be done is to make the outer skin as tight as possible 
and the inner wall easily penetrated by moisture so that the water 
migration can go on which helps to keep the insulating material dry. 

The insulation material, theoretically, should either be completely 
impervious (Foamglas) to the penetration of water or offer as small 
resistance to water vapor as possible. ‘That is, the material should 
have no capillaries collecting and holding moisture. 

Bitumen is usually used as a vapor barrier. A thin asphalt coating 
reduces the penetration of water vapor at 0.01 atmospheric pressure 
difference to less than 0.05 g/hr/m?. It is therefore strongly recom- 
mended that the outer walls be given a coating of warm asphalt on 
the inside, and it is important that the asphalt be applied with the 
greatest care. Small cracks and holes should be eliminated, for even 
the smallest hole will permit considerable vapor penetration. It is 
also important to use the right type of asphalt. The United States 
of America refrigerating industry recommends a melting point be- 
tween 90° and 95° C, and certain requirements regarding the con- 
tent of carbo and sulphur, penetration, and ductability at low tem- 
peratures. A construction which has the outer shell as. tight as pos- 
sible, with a comparatively loose inner wall, is called in the relrig- 
erating industry a semihermetic construction. Such a construction is 
very desirable. 
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5. Refrigerating Machinery 


COMPRESSORS FOR REFRIGERATION' 


THE COMPRESSOR in a refrigerating circuit is the beating 
“heart” by means of which the circulating refrigerant is driven 
through the two other parts of the system. The compressor is there- 
fore a most important and essential part of the refrigerating plant, and 
the proper working of the plant depends on the efficiency of the com- 
pressor and its ability to handle the largest volume of gas with the 
smallest consumption of power. 

The older, slow-speed, horizontal and _ vertical compressors which 
were in general use fifty years or more ago, and which are still doing 
excellent service, have long since been superseded by modern multi- 
cylinder vertical types, and the speed is no longer 60 to 100 revolu- 
tions per minute but has been gradually increased from 500 to 
1,000 revolutions or even more. At the same time, modern methods 
of manufacturing, and better and more suitable materials now at 
hand, have enabled the designers to build compressors which, with 
regard to reliability and efficiency, are just as good as the old types. 

Electric power and (where no electricity is available) the Diesel 
engine, which have superseded the steam-engine, have made the old 
belt-driven compressors obsolete. Most manufacturers of refrigerating 
machinery now only make medium- and high-speed compressors, 
generally vertical machines with two, three, four, or more cylinders. 
A two-cylinder vertical ammonia compressor of modern design is 
shown in Figure 14. 

Since the advent of the new refrigerants Freon 12 and Freon 22, 
various other types of compressors have been developed with cylinders 
placed vertically, or in the form of a V or W, or even radially, as in 
the Chrysler Airtemp compressor. . 


‘Based on a paper presented by O. Kramhoft. 
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Figure 14. Two-cylinder vertical ammonia compressor of modern design 


(Courtesy of Thomas Ths. Sabroe & Co.) 


Ammonia Compressors 

Ammonia compressors are nearly all of the enclosed type, having a 
horizontal crankshaft with two, three, or four turns from which the 
pistons receive their reciprocating motion by means of connecting 
rods. 

The compressors are single-acting, mostly with suction valves in 
the pistons. These pistons are long, having a single or a double 
intake for the suction gas. The lower parts of the pistons act as 
crossheads, taking up the side thrust from the connecting rods. Such 
compressors thus work on the uniflow principle and only the upper 
part of the cylinders, where the compression takes place, needs to be 
cooled. Cooling may be effected either by a water jacket or by webs 
cast integral with the cylinder, whereby the compression heat 1s 
absorbed by the surrounding air and by radiation, In some designs 
the spokes of the flywheel are shaped as vanes in order to blow fresh, 
cool air over the cylinders. Sometimes the cylinder covers are also 
cooled. 

The delivery valves are placed in a spring-loaded cover which rests 
against a gas-tight seat on top of the cylinder—a so-called safety head— 
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which allows the cover to lift when liquid ammonia or excessive oil is 
drawn into the cylinder. ‘This arrangement safeguards the machines 
against excessive stresses caused by liquid knocking. 

The delivery and suction headers or manifolds are placed on the 
back side of the machines and are furnished with main-delivery and 
suction-stop valves together with safety valves and scale-traps to pre- 
vent scales and other impurities from entering the cylinders. 

The machines are also fitted with cross-connections between suction 
and delivery sides, and in some cases with an arrangement for capacity 
reduction, either by means of one or more stop-valves, which, when 
open, provide passage from the compression space of the cylinder to 
the suction side, so that compression takes place only when the piston, 
on its upward motion, covers the opening. 

Another principle of capacity regulation is by means of special 
pockets which serve to increase the clearance space. The actual suc- 
tion stroke of the piston is thus reduced, because the re-expansion of 
the compressed gas down to the suction pressure takes place over a 
greater part of the piston stroke than if the clearance space were 
normal. 

An ingenious device — has 
been invented and designed by 
Hoerbiger, an Austrian firm 
(Figure 15), which permits 
stepless governing of the ca- 
pacity. It is actuated by means 
of variations in the suction 
pressure. This arrangement is 
very useful, for instance in the 
refrigerating plant of a dairy 
where a_ large-capacity com- 
pressor can cool the maximum 
amount of milk for a few hours 
and work at a reduced capacity 
for the remainder of the work- 
ing time and a normal machine 
would be too large for the 
other duties required. As soon 
as the maximum load is over, 
there is a sudden little drop in 
the suction pressure which. ac- 
tuates the capacity regulator ih hates Hoerbiger capacity regulator. 
so” that ‘the refrigerating a ei erie Renee Sepias: regulation of 

7 pressor capacity. (Courtesy of Thomas 
pacity and the power consump- — Ths. Sabroe & Co.) 
tion of the compressor are re- 
duced automatically to the capacity required. 
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A similar arrangement has been introduced by other designers of 
multicylinder compressors: one or more cylinders are put out olf 
action by lifting the suction valves one after the other by means ol 
suction devices. ‘This arrangement requires the suction valves to be 
placed in a special valve plate (which also contains the delivery 
valve) and not in the pistons. By this design of compressors, short 
pistons similar to flat-top automobile pistons can be used, providing 
machines are lower in height than the type described above. ‘The 
enclosed-type ammonia compressor is now furnished by most makers 
with forced feed lubrication. Splash oiling is used only on small 
cheap units. 

The oil-circulating pumps are in many cases rotary gear-wheel o1 
eccentric pumps driven from the crankshaft and having their axis in 
line with the crankshaft. The steadily increasing demand for lower 
temperatures, where the pressure in the crankshaft housing gets down 
to the suction pressure, makes it necessary to place the lubricating 
pump at a lower level, submerged in the oil, so that the oil pump has 
no suction lift. 

For plants working with suction temperatures below —30° C., two- 
or three-stage compressors should be used, and the three- or four- 
cylinder ammonia machines of the type here described can be em- 
ployed for this purpose by using two or three cylinders as a low- 
pressure and one as a high-pressure cylinder. 

In a cold-storage plant with several storage rooms and a number of 
sharp-freezers and quick-freezers, three or more of these compressor 
units should be used. All units are cross-connected and can be used 
for single-stage or two-stage operation so that —10°, —20°, and down 
to —50° C. evaporator temperatures can be obtained at the same 
time. Furthermore, since all units are identical, all parts are inter- 
changeable and the stock of spare parts can be reduced to a minimum. 

In the United States of America so-called “booster compressors” 
are frequently used in combination with ordinary single-stage com- 
pressors to obtain the necessary low temperatures. While it must 
be admitted that such low-pressure compressors are lighter than the 
usual compressor, it may be more practical to have units of uniform 
size, with the same type of electric motors, even if the machinery 
may cost and weigh a little more. 

The stuffing boxes for rotating shafts of the modern ammonia 
compressors are semimetallic packings which are easily attended to 
by engineers in charge and give satisfactory tightness when properly 
oiled. The only objection to this type of packing is the wear on the 
shaft, but this can be overcome either by having renewable sleeves 
of suitable material or by chromium-plating the shatt. 

Several manufacturers, however, have adopted the rotary shaft-scal 
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for large-size compressors. 
This seal has been devel- 
oped for the numerous 
types of small compressors 
for domestic and commer- 
cial purposes (Figure 16). 
Such rotary seals require 
little or no attention when 
properly designed and 
made of suitable materials. 

Some compressors have 
elastic rings of synthetic 
oil-resisting rubber which 
are kept tight against the 
shaft by a compression 
spring, causing the seal- 
member to rotate. The 
compression spring at the 
same time forces the seal- 
ing-member against’ the 





Figure 16. Rotary oil-seal for enclosed-type fixed sealmember. Other 
compressors. (Courtesy of Thomas Ths. Sa- manufacturers prefer seals 
broe & Co.) without rubber rings, be- 


cause rubber is likely to ex- 

pand when exposed to oil and ammonia gas, causing the seal to stick 
to the shaft and preventing the spring from moving the seal-ring, 
which is necessary to take up unavoidable wear at the sealing faces. 

Seals without rubber rings may be flexible bellows of silver, stain- 
less steel, or other material, which is not attacked by ammonia, or flat 
flexible disks of steel. These disks may be single plates which, near 
the shaft, carry the seal and, at a certain diameter, about midway 
between the shaft and the packing of the cover, rest against a sharp 
edge in the cover. The pressure of the ammonia causes a slight 
deformation of the disk so that the seals are pressed against each 
other. 

All rotary seals require accurate machining and skilled mechanics 
to install them in order to achieve perfect tightness. 


Valves 


The compressor valves, which formerly were of the poppet-valve 
type with conical seats, are now mostly replaced by plate-valves. 

Although the old-type valves were tighter than the plate-valves and 
not severely affected by impurities, sand corns, scales, or the like, 
the weight of a spring-loaded poppet valve does not allow a higher 
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speed than 300 to 400 r.p.m., 
even with large diameter and 
small lift. 

The plate valves are of many 
types. Some makers use Hoer- 
biger valves (Figure 17), which 
have two or more concentric 
rings joined together by webs, 
the valves being held against the — |vscve-seariee 
valve seat by springs. ‘The lift 
is limited by a retainer plate. 
The plate valves are made of 
special Swedish steel plate, hard- 
ened and ground for the best 
possible tightness. They are, 
however, liable to warping and 
leakage. A better type of plate 
valve has independent rings not 
joined together. Each ring has 
either one large spring or several 
small ones. Such _ ring-plate 
valves have given excellent serv- 
ice, as have the flapper-valves used by one of the leading American 
manufacturers. 


Valve-ToucH .. 


VALVE- SPRING 


SPRING-SUPPORT 


Clee vatve 





Figure 17. Hoerbiger plate valve. 


Freon Compressors 


Freon compressors are designed very much along the lines of the 
ammonia compressors so that a great part of what has already been 
mentioned applies also to them. Owing to the moderate pressures 
at which Freon compressors work, in comparison with ammonia 
machines, the ratio between cylinder diameter and piston stroke can 
be larger than with ammonia. Generally, ammonia machines have 
pats 1, while Freon compressors have 2h soe 1.28 to 1.50. 

Stroke Stroke 
This provides the necessary pace for the larger valves required 
for Freon. The gas velocities recommended for Freon are 10 to 15 
m/sec. in suction valves and 15 to 17 in the delivery valves. “The 
corresponding figures for ammonia are 30 to 50 m/sec. and 35 to 55 
m/sec., respectively. As to power consumption, the Freon machine 
takes about 5 to 6 percent more power than the ammonia machine. 

Freon is preferred in several cases because it is regarded as non- 
toxic, so that it can be used where ammonia machines cannot—for 
instance in airconditioning and for ships’ use (Figure 18). In fact, 
Freon machines are being used on an increasing scale for marine 
purposes where the carbon dioxide machines were formerly dominant. 
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There seems little doubt Freon 12 or Freon 22 will supersede the 
carbon dioxide machine for marine purposes in the course of a few 
year;s. 

~ The greatest difficulty in producing Freon machines is the manu- 
facture of suitable castings. Cast iron for compressor crank cases and 
cylinders must be absolutely nonporous, to avoid leakage of the gas. 
Several methods have been tried to fill the pores in the castings. For 
instance, liquid bakelite has been forced into the pores under pressure 
and baked at a suitable temperature, but the fumes given off by the 
process are poisonous and the method does not seem satisfactory. 
The most rational way is to build the machines of welded steel plates 
and to have cylinder liners and pistons of cast iron, though this may 
be more expensive. ‘The all-welded shock-proof Freon compressor 
is most suitable for marine purposes. All manifolds are usually made 
of steel tubes and all stop-valve spindles fitted with tight hoods to 
prevent the escape of Freon gas. 

Special oil-resisting packings must be used all over, and, wherever 
rubber is necessary, a synthetic oil of Freon-proof quality must be 
used. With regard to lubricating oil, most refrigerating machinery 
oils can be used, but, since Freon mixes with oil, a higher viscosity 
is recommended than that required for ammonia compressors. <A 
suitable oil for Freon should have at least 5 degrees Engler at 50° 
C. whereas 3 to 4 degrees are regarded as satisfactory for ammonia. 


Lubricating Oils 

Owing to steadily increasing demands for lower evaporating tem- 
peratures required for quick-freezing purposes, the makers of refrig- 
erating machines have sometimes specified oils with freezing points 
as low as —40° to —50° C. Such oils, however, have correspondingly 
low viscosities and the result was a large number of scored cylinders 
and undue wear on moving parts and bearings. Heavier oils are 
now being used, with the result that the compressors are properly 
lubricated. All risk of oil freezing in the regulating valves or low- 
pressure float valves is eliminated by effective oil separators and oil 
chillers before the regulating valves. Another Way is to design the 
compressors so that the crankshaft and other moving parts are kept 
outside and separate from the compressor cylinders. This permits a 
heavier type of lubricating oil to be used in the crankcase. As this 
oil will not get mixed with the refrigerant, there is no risk of the 
oil foaming, which often results in most of the oil being pumped 
over into the pipe system. 

A speck: clrigerz > Ol | . freezi 4 1 
a oe cial relrigeraton oil with low freezing point can then be used 

e compre Ce ers, Which j is tvpe of machi i 
Siege: ra cylinders, which in this type of machine are either 
; ng! - : eh oe with piston rods and one stuffing box for 
‘ach cylinder. S may be regarded as a disadvantage i 
us may be regarded as a disadvantage in com- 
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Figure 18. Marine-type Freon compressors. 


parison with the enclosed type of compressors, where there is but one 
rotary-sealed stuffing box. However, by special arrangements and 
proper design and workmanship, stuffing boxes for reciprocating rods 
can be kept tight, both against pressure and vacuum, and need no 
special attention. 


Special Specifications 


Although compressors for refrigerating machines resemble air com- 
pressors in several respects, the manutacturer of compressors fon 
refrigeration must consider several important conditions which do 
not exist in atmospheric air compressors. 

Among these conditions can be mentioned that the materials must 
be capable of withstanding the action of the refrigerants used. No 


ah 


part of ammonia compressors can be made of nonferrous metals con- 
taining copper, whereas in Freon compressors copper, bronze, and 
brass can be used without any risk. For both refrigerants the bearings 
are lined with best quality white metal. 

The designer must bear in mind that the compressors must work 
continuously without attention and all moving parts must have ample 
bearing surfaces to avoid any risk of overheating. He must take 
care of perfect tightness to prevent leakage of the refrigerant, a pre- 
caution which is not so essential with air compressors. 

All parts must be so dimensioned that they can withstand the 
maximum pressures to which the machines may be exposed when 
working under the most severe tropical conditions. All parts which 
contain the refrigerant must, during manufacture, undergo proper 
testing for strength by hydraulic pressure and by air pressure tests 
while submerged in warm water as a safeguard against porosities. 

The test pressures prescribed by the British Lloyd’s Company for 
ammonia machines are: 


Cylinders 42 kg/cm? hydraulic pressure 21 kg/cm? air pres- 


sure; 
Crankcase 21 kg/cm? hydraulic pressure 10.5 kg/cm? air pres- 
sure, 


and for Freon machines: 


Cylinders 25 kg/cm? hydraulic pressure 14 kg/cm? air pres- 
sure; 

Crankcase 14 ke /em?2 hydraulic pressure 10.5 kg/cm? air pres- 
sure. 


Instead of atmospheric air, hydrogen is recommended for testing 
Freon machines because hydrogen indicates porosities through which 
compressed air cannot penetrate. 

Further, careful cleaning inside by sand blast, pickling, neutralizing, 
and proper drying is essential, especially with Freon machines, as any 
trace of humidity left causes severe disturbance when the machines 
are put into operation. 

It is also recommended to remove air from the inside of Freon 
compressors by means of dry nitrogen in order to prevent rusting 
during transport and before erection. Even a small formation of 
rust causes severe troubles; it is removed by the chemical action of 
Freon and collects in the filters at the expansion valves. 

In short, a compressor for refrigeration must not only be properly 
designed but it must be most carefully manufactured, tested, and 
cleaned if it is to work properly. 
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CONDENSERS, EVAPORATORS, ETC.” 


The machinery for any kind of cooling plant includes additional 
equipment besides the compressors, such as different types of con- 
densers, evaporators, oil-intercepters, receivers, surge drums, etc. The 
variety is so considerable that even a brief review would exceed the 
scope of a single short chapter. In general the design of existing 
types is adequately described in the available literature, and a de- 
tailed description is superfluous. 

However, the very important question of heat transfer in the various 
kinds of heat exchangers, such as condensers and evaporators, deserves 
more thorough examination. A considerable portion of the data 
furnished in the literature is rather inaccurate, and it is often difh- 
cult to determine what figures should be adopted when designing such 
equipment. Some new information on this subject, together with a 
very brief description of modern types of apparatus and some prac- 
tical hints concerning the use of them, is presented below. 

All over the world, most of the larger-size stationary plants used 
for food preservation are constructed for the use of ammonia as a 
refrigerant. Only in special cases have Freon refrigerants been 
adopted for machines larger than some 50,000 to 100,000 normal 
calories per hour. Refrigeration on ships is an exception; in this 
field Freon now is in general use, even for the largest installations. 
But transport cooling, and the smaller types of commercial plants, 
are considered below. 

Heat-exchange equipment is a big item in the cost of a refrigera- 
tion plant, in most cases amounting to considerably more than halt 
of the total expenditure for machinery. At the same time, it decisively 
influences the capacity and running cost of the plant. Inefhcient 
operation in most cases is caused by inefficient heat-transter equip- 
ment. 


Condensers 

The condenser of a refrigerating plant deprives the gas of the 
heat absorbed in the coolers and the heat equivalent of the com- 
pression energy. “Che condenser must therefore be calculatd lor some 
120 to 140 percent of the normal cooling capacity, under ordinary 
working conditions. 

Condensers for larger-size plants are made in two general types, 
the water-economizing condenser and the directly water-cooled con- 
denser. The dry type air-cooled condenser 1s used only for very lim- 

é ¢ 4 
ited capacities and hardly at all for ammonia systems. 
As the name implies, the water-economizing condenser is used where 


2Based on a paper presented by G. Lorentzen. 
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water is scarce or expensive. ‘The classic type is the atmospheric con- 
denser which consists of a bulky nest of coils erected in the open air. 

In order to increase the heat transfer coefhcient on the ammonia 
side of very long coils, different kinds of bleeder systems have been 
developed. Nevertheless, outside cooling by water evaporation 1s 
very limited and greatly dependent on weather conditions. On calm 
days with moist air the capacity is greatly reduced as compared with 
windy and dry days. In cold climates there is often considerable 
trouble with frozen water pipes in water. ‘The maintenance of an 
extensive pipe system constantly exposed to water and air is expensive 
and inconvenient. 

In general the k-value used for rating this type of condenser lies 
between 200 and 300 kgcal/hr m? 0° C. For certain bleeder types 
this figure is doubled and even trebled. These figures are, however, 
based on using an excess of cooling water, which very much reduces 
the advantage of using this type of condenser. If the condenser is 
operated as a real water-economizing type, using no more water than 
that actually evaporated plus the unavoidable waste (some water has 
to be drained off to prevent scaling), then the capacity is considerably 
reduced. The surface required for cooling the water by evaporation 
is much larger than necessary for transferring the heat from the pipe 
to the water, and piping is an expensive kind of surface for water 
cooling. The required additional surface can be obtained, however, 
by inserting wooden bars between the pipes or by combining with a 
spray cooler of some kind. Under such circumstances it is preferable 
to use an ordinary direct water-cooled condenser of, for instance, the 
shell-and-tube type, in conjunction with a back-cooler for the water. 
This arrangement has been adopted in many new plants. 

The modern evaporative condenser has been developed from the 
old-style atmospheric condenser. The general working principle is 
the same, but the air is circulated over the coils by means of fans. 
Eliminator plates reduce the loss of water to a minimum. The con- 
struction is very compact, and the condenser is a self-contained unit 
easily adapted to various locations. If desired, it can be placed inside 
a building and be connected by ducts with the outside air. The ducts 
should then be so arranged as to improve the draft through the 
condenser. The pipe coil, the housing, and other parts exposed to 
water are usually galvanized in order to reduce upkeep. In some 
cases trouble has arisen on account of coils, eliminators, and fans scal- 
ing up heavily, making frequent cleaning necessary. It is important 
therefore, that all parts be easily accessible. In some designs the 
fan is located on the inlet side, pressing the air through the coil, 
in order to prevent moisture from entering the fan. The condenser 
housing in that case will be subject to inside pressure, with greater 
risk of water leaking through. 


The calculation of a condenser of this type is generally done on 
the basis of a temperature difference corresponding to condenser 
pressure on one side and a wet-bulb temperature of the surrounding 
air on the other. Since it is the diflerence in water vapor pressure 
between water surface and air that is of importance for the cooling 
by evaporation, the k-value depends greatly on the actual temperature 
level. According to practice in the United States the condensers are 
usually rated at a condensation temperature of about 40° C. ‘The 
k-value at this temperature is then about 240 kgcal/hr m® 0° C., with 
the usual air velocities. 

It is evident from the foregoing that the water-economizing con- 
denser of ordinary construction is not well suited to colder climates. 
The cooling of the water by evaporation requires much more sur- 
face than the transfer of heat from condensing gas to the water. ‘The 
use of a separate back-cooler and an ordinary closed condenser is often 
a better solution. 

In the second main type of condensers, the directly water-cooled 
type, the water mostly flows inside tubes, while the gas is condensed 
on the outside. A common construction is the open vertical shell- 
and-tube type. The water is distributed by means of special dis- 
tributors inserted in each tube, which give a spiral motion to the 
water. The over-all coefficient of heat transfer for this type of 
apparatus ranges from 700 to around 1,400 kecal/hr m? 0° C., de- 
pending on the quantity of water circulated per pipe. ‘The heat 
given off to the air passing the pipe is negligible, but the water con- 
sumption and the pumping head are comparatively large. 

The vertical type shell-and-tube condenser can be erected in the 
open air and require very little space. The tubes are easily cleaned— 
an important feature. However, some people are of the opinion 
that the mixing of water and air in the tubes is likely to accelerate 
corrosion. 

The closed horizontal shell-and-tube condenser is more commonly 
used than other types in Norway. In this type the tubes are coupled 
in series in order to obtain a suitable velocity of water without too 
large consumption. ‘The construction varies considerably according 
to the number of tubes used in each drum. ‘The trend is away from 
the old double-pipe condensers, through 7- and 19-tube types, towards 
the larger shells for big installations. Heat-transfer conditions are 
very similar from the 7-tube type upwards. ‘The double-pipe type, 
however, has a lower k-value, due to the liquid collecting on the 
surface. ‘This type of apparatus therefore is now mostly used as a 
liquid subcooler. ‘The heat transfer on the gas side depends on the 
thickness of the film of liquid formed on the surface. It is important 
that the condenser be so designed that the liquid is removed from 
the tubes, immediately upon formation and not permitted to trickle 
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down on the other tubes. For this reason baffles are sometimes used 
between the tubes. 

In larger shell-and-tube condensers, the coefficient of heat transter 
depends largely on the velocity of the water and the surface condi- 
tions of the tubes. ‘The cleaner the surface, the better the heat 
transfer. Ps 

In calculating condensers it is customary to use the logarithmic 
mean difference of temperature in relation to a constant temperature 
of condensation on the one side and the changing water temperature 
on the other. In other words, the superheat of the entering gas and 
the subcooling of the departing liquid are not taken into considera- 
tion. This leads to good results when the temperature split at the 
water outlet side is not too small, and when the entire tube surface 
participates actively in the condensation. If the split is decreased 
below a certain limit, however, part of the surface around the gas 
inlet may be so warm that there is no condensation in this area. In 
extreme cases with counter-flow type condensers, the temperature 
difference at the outlet may be very small and even negative, as 
indicated by the dotted curve for the water temperature. Tests run 
under such conditions, with a very low heat load, give far too high 
k-values and the basis of the calculation thus becomes false. This 
may be the reason for some of the rather high figures given in the 
literature. 

The lowest curve in the heat transfer diagram (Figure 19) orig- 
inated from a condenser which was fairly clean; the reason for the 
high heat-flow resistance was the presence of air in the system. The 
air not only increases the total 
pressure on the high side system 
by its partial pressure, but the 
main effect is due to the insu- 
lating property of the air. The 
ar is brought to the surface of 
the pipes by the constant flow of 
refrigerant gas. As the refrigerant 
is condensed, the air remains in a 
layer around the pipe, thus ham- 
pering the transfer of heat, i.e., in 
this instance the diffusion of the 
refrigerant gas to the cold heat 
exchange surface. 

In the past the air was blown 
off through a valve at the highest 
point of the system. At the same 
time an uncontrollable amount of 
ammonia was lost. According to 


Figure 19. Temperature difference 
of counter-flow condenser. 
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various books, the reason for blowing off the air from the highest point 
is that the air would gather there during shut-down periods. Actually, 
however, air and gaseous ammonia are present in mixture all over the 
available space in a proportion depending on temperature, with com- 
paratively more air when the temperature is low. ‘The air should, of 
course, be blown off from a point as far from the liquid level as posst- 
ble, i.e., near the compressor discharge. “The gas from the evaporating 
liquid in the receiver drives the air-refrigerant mixture out when the 
pressure is lowered through the opening of the blown-off valve. 

In modern plants of larger size the air is usually drawn off during 
operation by means of a purger. ‘The airrefrigerant mixture is 
generally taken from the top of the receiver, where a comparatively 
high percentage of air is present above the cold liquid surface. “The 
greater part of the ammonia is condensed on the cooling coil of the 
purger, leaving the air to be blown off through a manually operated 
or automatic valve. The whole device is very simple and it is easy 
to purge the system almost completely of noncondensable gases. A 
purger is, for obvious reasons, particularly desirable in plants oper- 
ating below atmospheric pressure on the suction side. 

Another purging device is built around the cold suction line, 
which takes the place of the cooling coil. Otherwise, the system is 
exactly the same, except that a high side-float valve is used for drain- 
ing off the condensed liquid from the purger into the suction line. 
Strange to say, purgers of this type are not often used in Freon plants, 
where the need of them should be even more pronounced, in order 
to reduce losses of refrigerant during purging. It is more difficult to 
determine how much Freon is actually lost during the blow-off opera- 
tion, for it cannot be smelled, as ammonia can. ‘The gauge-controlled, 
refrigerant-saving purge therefore offers considerable advantages in 
the Freon-field also. 

As has been pointed out, the temperature difference in the con- 
denser is of great importance to the operating cost of any plant. It 
is therefore advisable to hook up the condenser in the piping diagram 
in such a manner that the entire surface may be utilized, regardless 
of the number of compressors in operation. A parallel hook-up ol 
the condensers is better than the usual one condenser for each com- 
pressor or each evaporator system. In one case, the high-side piping 
plan of a fairly new plant was changed, altering it from single-purpose 
condensers to a parallel connection, and by that simple adjustment 
saved as much as 25 percent of the average total power consumption, 
without increasing the condenser surlace. This is worth bearing in 
mind when preparing pipe diagrams for plants with variable cooling 
loads for different purposes. 

The size of the condensers to be used under given conditions should 
be determined from the viewpoint of economy. The factors to be 
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considered are power cost, cost of condenser per square meter, run- 
ning time, cost of cooling water, etc. 


Evaporators 

As regards construction of evaporators, very much the same factors 
must be borne in mind in order to arrive at an efficient apparatus. 
In the condenser it is essential that the liquid ammonia be removed 
from the heat-transferring surface as fast as possible. In the evap- 
orator the gas which should be removed in the shortest possible time 
in order to establish the best possible contact with the boiling liquid. 
As in the condensers, the main resistance to the flow of heat is mostly 
found not on the side of the refrigerant, but on the side of the cooled 
medium. The most effective way to augment the capacity of any 
type of cooler is therefore to increase the velocity of the cooled 
medium at the cost of a bigger pressure drop and increased power 
consumption by fans or pumps. The construction of the coolers 
depends to a large extent on the properties of the medium to be 
cooled, in most cases some kind of brine, or air. 

There are two general types of brine coolers used in larger installa- 
tions, the shell-and-tube type and the coil type. The shell-and-tube 
evaporator is of the same general construction as the corresponding 
condenser; in ammonia plants it is flooded in most cases. For Freon 
installations larger units are sometimes built for recirculation by 
means of a low-pressure Freon pump in order to reduce the charge 
and improve heat transfer. 

The shell-and-tube cooler is readily adaptable to a closed brine 
system which has the important advantage of reducing corrosion: 
The oxygen content in the brine is decreased on account of the 
reduction of the contact surface with the air. The same pump can 
be used both for general brine circulation and for circulation through 
the cooler. The space requirement is limited, and the tubes can easily 
be cleaned and replaced if necessary. As for the condensers, enough 
room must be provided for cleaning and renewal of tubes. The heat- 
transfer characteristics are very much the same as for the shell-and-tube 
condenser, the velocity of the brine in the tubes being the most im- 
portant factor. The efficiency increases rapidly with the brine 
velocity. This increase, of course, takes place at the cost of a higher 
pumping head and higher power consumption. 

In the condenser, the heat-transfer factor of the refrigerant side is 
reduced as the heat load increases due to the higher resistance in the 
condensed liquid film. In an ordinary evaporator with self-circula- 
tion, however, the heat transfer improves with increased heat load, 
owing to better circulation of the liquid. 

Coil-type brine coolers are built in a great variety of forms. One 
of the main considerations in design is getting a good circulation 
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of liquid inside the pipes. ‘The higher the heat load per unit of 
surface, the shorter the individual pipes should be. ‘The coolers 
should be constructed so as to have good and_ positive circulation 
of the liquid. At the same time they should have a compact type of 
coil in order to get the best possible velocity between the pipes without 
requiring agitators that are too large. The velocity obtained has, 
of course, a great influence on the heat transfer. . 

The over-all k-value obtained in the better type flooded coil brine 
coolers lies in most cases between 300 and 600 kgcal/hr m? 0° C. 
according to brine velocity and temperature. The velocity generally 
runs up to 0.5 m/sec.; under such conditions it varies between 400 
and 500 for low-temperature work. 


Cooling Coils 


Air coolers may be of the direct-expansion or brine-cooled_ type. 
The direct-expansion system is now generally used in new plants. 
Construction of the coil does not vary much in the same type of 
coolers. As the heat transfer resistance is in most Cases concentrated 
on the air side of the pipe wall, the k-value is for all practical purposes 
the same in both systems, if the direct-expansion system is properly 
designed. 

Air coolers may be divided in two groups, depending on the means 
used for moving the air along the cold pipe surface. “There are 
forced-draft coolers or cold-diffusers, variously named by the trade, all 
using one or more fans to force the air through the cooler. In addi- 
tion there are the ordinary pipe coils for free convection cooling of 
cold storage rooms. Besides the so- alled “dry” coolers there are also 
the “wet” coolers which cool air through direct contact with a spray 
of brine. These coolers may be either of the forced-draft or the 
natural-convection type, but the latter is gradually disappearing. 

The ordinary forced-draft air cooler is a closely nested pipe coil 
through which the air is blown by axial or centrifugal fans. Formerly 
the air was mostly blown along the longitudinal direction of the 
pipes, but now many coolers are constructed for circulation at a 
right angle to the run of the pipes, which results in a considerable 
increase of heat transfer per unit of area. 

The heat-transfer factor depends on the air velocity as well as on 
frost formation on the coil. The highly efficient cross-blown coolers 
are very sensitive to frosting. Under otherwise equal conditions the 
thickness of the frosting is greater as the total surface is smaller. ‘The 
same thickness is more detrimental in proportion as the heat load per 
square meter is higher. If this type ol air cooler is used below freezing, 
it is of the greatest Importance to have an efficient and easily operated 
slefrosting system, ‘There are several of these systems in-use, the 
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most common being hot gas defrosting for direct-ex pansion installa- 
tions. Water defrosting may be practical in many cases; it Is very 
efhcient when properly designed. Brine is also being used in some 
instances. One company uses a glycol mixture which circulates con- 
tinuously over the finned coils. A special still is used to reconcentrate 
the defrosting liquid. . 

The heat-transfer factor varies considerably, according to the con- 
struction of the cooler and the ducting. It is never possible to get 
an even distribution of the air velocity over the entire cross section. 
Anemometer tests in many coolers have shown that the greater part 
of the circulated air does not pass the coils at all, but escapes through 
openings at the sides and particularly between the coil and the water 
collecting underneath it. What is really important is the velocity 
between the pipes. For flooded cross-brown coolers with very little 
frosting, k varies between about 20 kgcal/hr m? 0° C. by an actual 
average velocity between pipes of 2.5 m/sec. up to about 35 at a 
velocity of 6 m/sec. In these cases the velocity, as calculated on a 
basis of the capacity of the fan and even distribution, was con- 
siderably higher. In practice it is advisable to use somewhat lower 
factors and to take into consideration the frosting of the coils. 

Modern types of forced convection coolers are often, even for larger 
jobs, made as self-contained units. The coil and the centrifugal fans 
are enclosed in a sheet-metal casing. The surge-drum and float-valve 
hook-up is visible on the left side. 

For cooling of freezer storage-rooms, still-air-cooling by means of 
coil grids has certain advantages. The coils are placed under the 
ceiling, or on the walls, or quite often at both places. It is, of course, 
important to have the coils evenly distributed and located preferably 
along the warmer walls, 

There is some difference of opinion regarding the heat-transfer 
capacity of the usual cooling coils. While in the United States of 
America the coils are calculated with a k-value of 8 to 10 kecal /hr 
i? OS oC an Europe nearly double these figures are being used for 
the same type of coils. A study of this problem on the basis of well- 
known general formulae for heat transfer coefficients by free con- 
vection, radiation, and moisture diffusion indicates nearly the same 
heat transfer as the United States figures now in general use. 

Tests carried out on different types of coils to check the theoretical 
calculations indicate that the k-factor varies considerably according 
to how the coil is fitted, the extent of frosting, etc. If free circulation 
of air is restricted, the heat transfer by convection may be considerably 
reduced. Baffling also has a tendency to reduce the heat exchange 
by radiation. 

The different types of air coolers may be made of finned coils in 
order to bring more balance in the heat-transfer resistance inside and 
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outside the coil. Plate-type coolers are also used, but space does not 
permit a further discussion of the many problems involved. 


Expansion Systems 


It is very important in all types of evaporators that the heat-transter 
surface be entirely wetted with refrigerant. In the “dry expansion 
system” a good portion of the coil is often operated at reduced 
efficiency owing to insufficient wetting of the surface near the outlet 
end. In many cases efficiency has been reduced more than 25 percent. 
Considering the cost of coils, an operation of this kind is far from 
economical. The trend is therefore definitely towards the “flooded 
systems” for all larger-size ammonia plants. 

The flooded system is characterized by the use of a liquid inter- 
cepter or surge drum to separate the gas and liquid coming from 
the cooler. The surge drum must, of course, be located above the 
cooler or at least level with it. The liquid is recirculated in the 
cooler, either by natural convection or by means of a low-pressure 
pump. If a pump is used, the drum may be placed underneath the 
cooler or even in the engine room. 

Designing the liquid line requiries great care and skill. The bad 
reputation of direct expansion systems is always due to poorly designed 
liquid systems. In designing new and complicated plants, close atten- 
tion should be given to solving these problems. 
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6. Methods and Apparatus 


for Commercial Freezing’ 


FREEZING SYSTEMS 


A CENTURY ago foods were frozen by keeping them in a closed 
refrigerated space or by leaving them outdoors in cold weather. 
There was no way of keeping frozen foods beyond the winter months. 
Freezing was of interest as a means of keeping foods through the 
winter and in moving foods which were frozen in the north in the 
winter to points farther south. Even today, freezing in still air is 
used to freeze an amazing quantity ol products. It the packages are 
not too large the quality of many foods is still very good if they were 
strictly fresh and of high quality at the time of freezing. However, 
many improvements have been made in freezing processes. 

The first improvement was to create a man-made cold wind, or 
air-blast. The principle is simply that rapidly moving cold air takes 
the heat away from food and freezes it fairly rapidly. ‘The rate of 
freezing depends upon the temperature of the air, the rate of its 
movement, and the way the food is packaged. In an air blast a single 
pea freezes in five or ten minutes at —18° C. At a lower temperature 
it freezes even faster. 

A third method of freezing is the original quick-freezing system, 
brine-freezing. It is not necessary to move a ereat quantity of brine, 
as in the case of air which has a very low specific heat. 

Then, there is the Birdseye system. Others had used the general 
principle before—ot freezing in contact with metals. P. W. Petersen 
was one of the first in the United States of America to freeze food 
by placing it in a refrigerated metal container, following the well: 


‘Based on a paper presented by D. K. ‘Tressler. 
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cing’ ice ing water in galvanized cans 
known method of making ice by putting water in galv ur Se 
immersed in brine at a relatively low temperature, causing the fas 


freezing of water into ice. 


Freezing in Contact with Metallic Surfaces 


A. H. Cooke puts food into recessed metal molds and circulates 
brine around the molds, quick-freezing the food. That is close to 
the Birdseye system, which involves freezing packaged food between 
movable metal surfaces. In the original Birdseye system there were 
two long belts, one superimposed upon the other. The belts moved 
in one direction carrying food through a tunnel. Cold brine was 
sprayed down the upper belt, which overlapped the lower, and the 
brine cascaded into a tank. Brine was also sprayed up on the under- 
side of the lower belt, cooling it to a low temperature. By that 
system it was possible to freeze packages of fish 5 cm. (2 in.) thick in 
one and a half hours or a little less to a temperature of 18°. 

The more recent Birdseye system, and a number of its imitations, 
have movable metal plates, moving only in a vertical direction, 
superimposed one over another and so arranged as to make shelves 
on which trays of packaged products are placed. When the plates 
are all covered by products, they are closed by a hydraulic arrange- 
ment and held under a limited uniform pressure. ‘he plates are 
hollow and connected by rubber hose to a liquid ammonia supply. 
The liquid ammonia runs into the hollow plates, chilling them to 
about —30° C. 


Freezing on Vacuum Plates 


In more recent years, many systems of freezing food on thin-walled 
metal plates have been used, largely in the locker plants. Ammonia, 
or more commonly, Freon 12, is allowed to expand inside these 
plates, cooling the product rapidly on one side, By this system a 
fairly rapid freeze is obtained, but only at approximately one-quarter 
the rate achieved by the Birdseye system—freezing by conduction 
from both sides is approximately four times faster. Actually this 
Kold Hold or Dole Plate system is not very different from the old. 
fashioned sharp-freezing system used in the United States for many 
years, 


Sharp-Freezing 


In sharp-freezing, products are frozen on shelves made of coils in 
which refrigerated brine is circulated (if it is an indirect system) 
or in which ammonia is allowed to expand (if it is the direct system 
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of freezing). The coils are refrigerated to about —30° ¢ and 
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theoretically there is rapid freezing of the food. Actually, with a 
round coil there is relatively little surface for the tray or pan on 
which the food is placed to touch the metal. Further, since the prod- 
ucts are placed in pans each holding about 14 kilograms, freezing 1s 
relatively slow because of the size of the packages or pans. 

For freezing large fish like halibut or very large cod, the coils are 
first covered with galvanized sheet iron, on which the fish are placed. 
However, freezing is relatively slow, because it is from one side only, 
because the contact of the metal with the coil is poor, and because 
the coil is soon covered with ice. ‘This system is still extensively used 
in the United States to freeze fish. In fact, practically all of the round 
or whole fish are frozen by this method. However, the system has 
been improved recently by use of an auxiliary air blast, . 


The ‘‘Rotofroster’’ 


One of the systems which has come into limited use in Boston, 
Mass., U.S.A. is the Jackstone “rotofroster,” which consists of an 
insulated cabinet containing 24 pairs of freezing plates, mounted 
substantially parallel, radiating out from and attached to a rotating 
drum axis. Brine or ammonia is circulated through the plates from 
the distributor chamber in the drum. As the drum axis rotates, a 
pair of plates arrives at the loading slot and automatically spreads 
apart. “he product to be frozen is usually put on a tray and a tray- 
ful of products is placed between the plates. As the loading door shuts, 
the drum rotates, bringing another pair of plates in line for load- 
ing. When the froster is completely loaded, the first plate to be loaded 
has made a complete revolution and has been completely frozen. “The 
tray of frozen products is removed and a tray of unfrozen products 
put in. This system freezes the product rather rapidly by contact with 
metal plates. Its use 1s limited chiefly to the freezing of relatively 
thin packages of food, all ol uniform thickness. 


Brine Freezing 


In Canada some freezing is done by immersion in or by pumping 
brine around and around the product. In some plants fish are put 
in rubber latex bags and the brine pumped around them, This sys- 
tem has not been used recently in the United States. 

The so-called fog-freezing process (“Z" system) is in use in Long 
Island, New York, U.S.A. for the freezing of ducks, but not of other 
products. ‘The fog-freezing process has the advantage that it does 
not desiccate the product, as a blast of air does, but coats it by circu- 
lating over it a blast of fog. Actually as the brine is circulated round 
and round, it picks up particles of food which won't go through the 
spray nozzle, so it is necessary to filter the brine. Another disad- 


69 


vantage of the “Z” or fog system is that relatively few packages can 
stand contact with the brine fog without becoming soiled. 

‘Two new systems of freezing food by immersion use invert sugar 
syrup instead of brine. ‘These two processes are called the TVA (Ten- 
nessee Valley Authority) or ‘Taylor system and the Bartlett system. 
The former is still used for freezing strawberries. Some units have 
been built on the Mississippi River for freezing strawberries which 
are brought in from farms along the river. ‘The strawberries are con- 
veyed through a tank of refrigerated invert sugar syrup, which has a 
relatively high capacity for absorbing heat. The strawberries are 
frozen in five or ten minutes. The berries are then placed in a basket 
centrifuge and whirled rapidly to remove the sugar syrup. This sys- 
tem provides an excellent quality of strawberries, which do not need 
to be immersed in syrup during storage. However, when these straw- 
berries are kept in storage for three or four months, in the course of 
which there is a natural fluctuation in the temperature of the stor- 
age, the small crystals of the rapidly frozen product increase in size. 
Certain other changes take place, and the frozen strawberries are 
altered to a product no better than that frozen by air blast or by 
other methods. About five years ago, at the University of Texas, Bart- 
lett invented a somewhat similar system of freezing berries, with the 
use of a somewhat colder sugar syrup containing very fine crystals of 
ice. In this polyphase system the first phase is the liquid, the second 
the ice crystals, and the third vapor. The strawberries or other prod- 
ucts put through this syrup freeze rapidly. Shrimp are frozen in 
sodium chloride brine which contains very fine ice crystals. Bartlett 
maintains that when food is frozen under these conditions, there is 
very little penetration of salt. 

The trouble with these systems is that the circulating brine or 
syrup becomes contaminated with the product being frozen, thus 
yielding an undesirable product which may have a high bacteria con- 
tent, a bad odor, and perhaps a bad flavor. In the case of straw- 
berries, the flavor from the syrup is not undesirable, but invert sugar 
syrup 1s expensive and many tons must be used. Before very long the 
syrup becomes so diluted with strawberry juice that more and more 
ee be added in order to maintain the required concentration of 
solids. 


Improved Sharp-Freezing Processes 
cone sharp-freezing process has been improved during the past 
decade. ‘The principal improvement has been the use of air blast in 
combination with the sharp-freeze. The product is frozen in shallow 
pans or trays, placed on refrigerated coils, and subjected to blasts of 
refrigerated air. If a temperature of —30° C. is used freezing is 
fairly rapi ‘ery large quantities of ; ; ; Paes 
y rapid. Very large quantities of all types of products are frozen 
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by this improved sharp freeze method. It has most of the advantages 
of an air-blast system and all the advantages of the old sharp-freeze 
system. ‘Thin metal Dole and Kold Hold plates are sometimes used 
in place of coils, refrigerated to —30° C., and subjected to an air 
blast of —25° to —30° GC. If the product is not packed in too large 
packages, a rapid freeze results. 

The Murphy freezer is very much like the sharp-freezer using air 
blasts, with this difference: Instead of ordinary round piping, pipes 
with a rectangular cross section are used as shelves. “Phe trays have 
almost perfect contact with the refrigerated metal surlace, and to 
this is added a rapid blast of refrigerated air over the products being 
frozen. This system is used only in the state ol New Jersey (U.S.A.) 
but the installation is very large and is part of one ol the largest 
food-freezing plants in the world. As much as 27 million kg. (60 mil- 
lion Ib.) of foods per year are frozen on a single farm, using the Birds- 
eye and Murphy systems. 


Air-Blast Freezing Systems 


‘The original air-blast system, which is still in use, involves merely 
the placing of the products on shelves or racks in a large refrigerated 
room in front of a large portable fan. Many of the cold-storage ware- 
houses in the United States offer to quick-[reeze food by the air-blast 
system. ‘The method has been improved by adding tunnels in which 
the air is refrigerated by passing it over finned coils and then over the 
food, after which it is recirculated. According to a new system, cold 
air is forced up through vertical tunnels around trays in which prod- 
ucts are being frozen. By another system the air is refrigerated, blown 
over the products, refrigerated again, and recirculated many times. 

As a result of the demand for “free-flowing” frozen vegetables, long 
woven-metal freezing belts have been constructed in order to produce 
this type of product. Air blast is refrigerated to about —30 C. and 
blown up through those belts on which loose peas are placed. The 
peas, if not placed in too deep a layer, are frozen in approximately 
ten minutes. However, they are usually left in the freezer for about 
15 minutes, or as long as it takes to convey them from one end of the 
tunnel to the other, a distance ol 15 to 25 meters. Before freezing, 
peas are always blanched or scalded, then cooled in cold water. ‘They 
are very wet when placed on the belt and freeze more or Tess into a 
solid mass. When the frozen peas fall off at the far end of the belt, 
a rotary breaker is used to separate the frozen mass into individual 
peas. 

In some instances the peas are immediately packaged for retail, 
but the usual practice is to put them in large drums in refrigerated 
rooms, where they are held for packaging until labor is more 
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plentiful. ‘his method is very generally used for peas, cut beans, 
lima beans, and sweet maize (frozen whole-kernel maize is of con- 
siderable commercial importance in the United States). Because of 
their irregular shape, the method cannot be used satisfactorily to 
freeze unpackaged asparagus, broccoli, cauliflower, or spinach. 

Packaged products are also placed in air-blast freezers and slowly 
moved through tunnels. By another system, packaged or unpackaged 
vegetables and other products are placed on trays of wire mesh which 
move up through a vertical air-blast tunnel. When the packages or 
loose vegetables reach the top of the stack or tunnel, the trays move 
horizontally to a point where they are removed and new products 
put in. ‘I'wo systems of this type, the Greene and York systems, vary 
slightly in mechanical arrangements. 


ADVANTAGES AND DISADVANTAGES 
OF THE VARIOUS SYSTEMS 


If packaged foods are frozen in still or slowly moving air, the 
packages bulge out of shape. The product is frozen very slowly so 
the package must be small if a high-quality product is to result. 
Thirdly, if the products are not packaged, considerable desiccation 
occurs. ‘he advantage of such a process is that it is relatively cheap. 
The product is merely placed in a room for a period of time and then 
moved out. Owing to the fact that freezing is so slow, such a process 
is ordinarily used only for products which are to be sold at wholesale 
and not for the so-called quick-frozen food to be sold at retail. 

If unpackaged fruits or vegetables, fish, or other foods are frozen 
in an. air-blast system, the surface of the food becomes desiccated. 
Only water is lost, but it is deposited on the refrigerated coils, which 
is a disadvantage. If unpackaged products are frozen, two blast SYS- 
tems may be required in order to have one available for work when 
the coils require defrosting. The loss of moisture from the surface 
of the food is more serious than loss of weight, because the desiccated 
surface is then exposed to oxygen of the air and there is oxidation of 
fats, loss of flavor, and many other undesirable changes. 

Unpackaged products frozen in an air blast do not keep nearly so 
long at a given storage temperature, other conditions being the same, 
because the surface dries out and the products are left exposed to 
the oxygen of the air. One way of avoiding this is by doing what 
has been done in fish freezing, i.e., by glazing. As the product passes 
through the ice breaker, a small amount of moisture may be atomized 
on the product and a thin layer of ice formed over each piece of 
food. This helps to counteract serious desiccation during storage. 

It may seem that if products were stored in tight containers and 
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later packaged in a moisture-vapor-proof package they would lose 
even less weight. That may be good theory, but it is not good prac- 
tice. Products frozen first and then packaged do not fill the voids, so 
each package contains a great deal of air. When peas, for instance, 
are soft and limp, they pack down and fill up most of the space in 
a package. When they are packaged after freezing, a package opened 
some months later has all its interstices filled with snow—this snow 
is some of the moisture from the peas, representing weight lost by 
the product. 

Why does this happen during storage? In most cases, tempera: 
tures in cold storage fluctuate between —20° and —18° C. Air at 
20° G. holds less moisture than air at —18° C. When the product 
is cooled to —20° C. a deposit of snow forms inside the package as 
fine crystals in the interstices. When the product warms to —18° C. 
moisture comes out of the peas and builds on the fine crystals. Pack- 
aging the product when wet and then freezing is better, because the 
film of moisture freezes over the product; and since there is relatively 
little air in the interstices and relatively little opportunity for this 
“pumping” effect. 

The air-blast system is excellent for packaged goods, but it is rela- 
tively slow. Individual peas or cut beans put in an air blast freeze in 
five to ten minutes, but in a package it takes four hours or longer. 
However, this rate of freezing is fast enough to prevent deleterious 
action by micro-organisms during the freezing process, and should 
stop undesirable chemical actions. 

A 12-ounce (340.5 g.) package of peas in an air blast takes from 
four to six hours to freeze, which is fast enough, but if the package 
is filled completely and frozen in air blast a bulged package results. 
If the package is not filled completely, to avoid bulging, head space 
is left in it and trouble results from desiccation and the “pumping” 
effect. Furthermore, a slight larger size of shipping container is re- 
quired for the same amount of product. 

What are the disadvantages of the brine system? ‘The difficulties en- 
countered when the brine is sprayed directly on the product have al- 
ready been indicated. Why not package first? Because few packages 
can stand spraying with syrup or brine. However, tin and glass con- 
tainers have been used quite satisfactorily. If not completely im- 
mersed, and if there is no possibility of brine getting in through the 
top, rubber latex bags can be satisfactorily sprayed with brine, but 
the brine system has great limitations for freezing packaged products. 

A disadvantage of the Petersen system, in which the product is 
frozen in long tapered cans immersed in a tank of refrigerated brine, 
is that a great deal of labor is involved in packing the products into 
the cans. Another is that the products must fit into one size of can. 
Further, the products expand a little during freezing and it is diffi- 
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cult to get them out of the cans, usually resulting in some damage to 
the wrappers. 

Two of the most important methods of freezing are sharp-freezing 
and sharp-freezing plus air blast. ‘These systems are generally used for 
fish fillets, but are not used much for high-grade fillets—the packages 
bulge slightly and do not look neat. Sharp-freezing fillets in) pans 
usually takes 20 hours; they are frozen so slowly that they lose 
much drip when thawed. ‘The same holds true for freezing on thin 
metal plates by the Kold Hold and Dole systems. However, one 
advantage of these systems is that any size of package can be used. 

The great disadvantage of the Birdseye system is that all packages 
on a single shelf must be exactly the same thickness and preferably 
of the same size and shape. ‘Turkey cannot be frozen in a Birdseye 
Multiplate Froster as rapidly as a packaged product of equal size, 
having a flat-surfaced top and bottom. 

The Jackstone freezer has even greater disadvantages because it 
requires an exact number of trays of products of uniform thickness 
fitted into a space, making it virtually impossible to freeze packaged 
fillets and chickens at the same time. Roasting chickens do not fit 
well into the Jackstone freezer. They can be frozen in the 3irdseye 
freezer, but are flattened by the pressure, resulting in a product ol 
poor appearance. Disjointed chicken (cut into pieces for frying or 
fricassee), however, can put into a package with a moisture-prool 
lining and frozen in either a Birdseye or a Jackstone freezer. 

The best freezing system depends upon the product, the size ol 
the package, where it is to be sold, how it is to be marketed, the kind 
of material in which it is to be packaged, and how it is to be stored. 
Alter this information is available, a good way of freezing can be in- 
dicated but there is no best way. Each process has certain advantages: 
each process has many disadvantages. 
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7. Packaging Materials’ 
and Machinery 


WATER-VAPOR-PROOFNESS 


THE FIRST REQUIREMENT of good packaging is the best pos- 
sible protection of the refrigerated food against external influences. 
The most perceptible influence to which frozen food is exposed is 
dehydration. This results from the removal of water from the surface 
of the food because of the low humidity prevailing in low-temperature 
rooms. Dehydration causes loss of weight coupled with deterioration 
of quality, including changes in color and texture. 

Under unfavorable storage conditions this loss can be very consider- 
able, as shown in Table 1. In these experiments the parchment sub- 
stitute had a very high water-vapor-permeability and the heavy wax 
paper permitted loss of weight because it was not sufficiently flexible 
to be wrapped close to the surface of the cod fillets and protect them 
from the air circulation in the storage room. The loss is also sig- 
nificant when cardboard containers are used as shown in Table 2. 
In practice, where all six sides of the cartons are seldom exposed to 
the drying air, losses of course are less. 

The package in general use today for retail packing of frozen foods 
is a folding rectangular box made of wax-treated cardboard, pro- 
vided with an inner liner, as a rule not heat-sealed, of material such 
as water-vapor-proof cellophane. The container often (but not al- 
Ways) has an outer wrapping of, for example, sealed wax paper. This 
type of package is not sufficiently water-vapor-proof for lengthy stor- 
ing of most products. It would be possible to make the packaging 
more water-vapor-proof by providing a heat-sealable inner bag, (but 


‘Based on a paper presented by M. Kondrup. 
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TABLE 1.—Loss OF WEIGHT * oF 12-Oz. (340.5 G.) Cop FILLets IN DIFFERENT 
WRAPPINGS 


Freezing: 3 hours, —35° C., air velocity 10 m/sec. (2,000 ft/min.). 





Storing: —18° C. forced air circulation. 
—— 2 
; Loss of weight in 
Wrapping : 
3 months 4 months 
(ree ECO Lier tate) 
Parchment substitute 20 g/m* (1 layer) 20.5 24.0 
Parchment substitute 20 g/m* (2 layers) 13.5 16.5 
E 
Heavy two-side waxed paper 100 g/m* 11.0 14:5 
Cellophane MSST 400, 45 g/m* 0.5 0.8 
| 





1 SourCE:—Danish Refrigeration Research Laboratory. Based on unfrozen weight. 


this would reduce the packing speed, which is already unsatisfactory) 
or by using a heat-sealed outer wrapping of a material more water- 
vapor-proof than waxed paper (for example, moisture-vapor-prool 
cellophane). 

The package should have at least one layer of a material having 
low water-vapor-permeability. At —15° C. vegetable parchments have 
a water-vapor-permeability (WVP) of about 30 g/m*/24 hr. and 
waxed papers 5 to 8 g/m?/24 hr. Special coated papers, moisture-prool 
viscose sheets, and thermoplastic films are highly water-vapor-prool. 
To this group belong films made of regenerated cellulose coated with 
lacquer containing nitrocellulose such as cellophane MST and MSST, 
and also films made of polyvinylidenechloride (for example, Saran) 
and polyethylene (for example, Visqueen). Furthermore, films on a 
rubber base such as Pliofilm, a rubber hydrochloride derivative, have 
high resistance to the penetration of water vapor. Tressler and Evers 
state that for special coated papers WVP is 0.3 to 0.6, for moisture- 
vapor-proof viscose films 0.2 to 0.4 g/m°*, 24 hr. Thermoplastic films 
have WVP like moisture-vapor-proof viscose films or less. 

But metal foils are still better. They can be employed either as 
such or as laminates with various thermoplastics. Metal foils, how- 
ever, must have a certain thickness before they are tree of pinholes. 
Aluminum foil, as an example, must have a thickness of 0.025 to 0.026 
mm. in order to reduce its water-vapor-permeability to zero. Metal 
cans or other metal containers, which are ideal for water-vapor- 
proofness, have hitherto, for various reasons, been used only in large 
sized cans or drums of, for example, 19 liters or 13.5 kg. (5 gal. or 
30 Ibs.), especially for fruits for further processing later, and for retail 
packaging of special products such as orange juice. Metal contain- 
ers have in recent years, however, found increasing application, par- 
ticularly in the form of flat parallelepipedic cans. 
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Paste 2—Loss or Weicnr? oF 12-02. (340.5 G.) Frozen Cop Ficcets iN 
CARDBOARD CARTONS 


Contents: Crushed ice. 


Storing: —20° C, Some air circulation, all six surfaces free. 
: ; Loss of weight 
Type of containe) in 2 ammonths 
(., =, RETCEME 2 se) 
\. End opening experimental carton: 


180 x 115 x 60 mm. light waxed; inner bag of moisture- | 


vaporproof, heat-sealed cellophane ..... 0.4 

B. Same as A, but inner bag of medium waxed paper, not 
. 0 
sealed but closed by folding ........ oO SRE ee 1.3 

C. ‘Lop-opening carton: 160 x 95 x 30 mm. light waxed; un- 
sealed inner lining of MVP cellophane ........... 0.7 

D. ‘Top-opening Peters type carton: 10 x 5 x 134 in. (about 

250 x 125 x 45 mm.), heavy waxed; unsealed inner lining 
OLEMEVE .cellopianGek = 2k in scent ee oe ee ie 0.4 

Kk. ‘Lop-opening Peters type carton: 5 x 4.x 114 in. (about 125 

x 100 x 40 mm.) heavy waxed; unsealed inner lining of | 
MVEPscellopuiame —(.taa)scnae eer CE cha erangea On see ir irae ce 0.5 

hr. Same as E; no inner lining but heat-sealed outer wrap of | 
DEVE ecllophiane 5 oni is wince osc 2 Cito a eae he 0.2 

G. Same as E; no inner lining but heat-sealed outer wrap of 
Wisq wees Re. Ans ox tank oa ae ee ae 0.0 


‘Source: Danish Refrigeration Research Laboratory. Based on weight of contents after freezing. 


Although a packaging material may be completely water-vapor- 
tight, the product may nevertheless be dehydrated if the packaging 
maserial does not bear well against the surface of the product. When 
this occurs water-vapor is transferred from the product to the inside 
of the coldest wall of the package and results in the formation of ice 
crystals there, 

This problem must also be taken into account in handling poultry 
or cuts of meat, which should be packaged in flexible materials with 
a low water-vapor-permeability. The Cry-O-Vac or Cry-O-Pak method 
employs a bag of special thermoplastic material into which the in- 
dividual bird is placed. A tight fit of the packaging material against 
the uneven configuration of the bird is obtained by mechanically 
evacuating the air, after which the packed product is dipped in hot 
water, causing the thermoplastic to shrink 60 to 70 percent. 


TESTING WATER-VAPOR-PERMEABILITY 


Two methods may be used to test the Water-vapor-permeability of 
a packaging material. In the first instance a product such as meat or 
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fillet of fish is wrapped or packaged in different kinds of materials 
and tested for comparison against packaging which has proved satis 
factory in practical use. “The packages are placed in a low-tempera 
ture room and weighed at intervals to ascertain their loss of weight. 
This method corresponds to practical conditions, but it takes several 
months, perhaps more than a year, and the data arrived at are dith 
cult to reproduce. In the second instance the water-vapor-permeabil 
ity is determined under controlled conditions with fixed tempera 
ture and humidity, using small samples which can be weighed on a 
fine balance at relatively short intervals. “‘Vhe results become avail 
able in a few days or weeks and are reproducible. 

The latter method is well known and widely used. ‘The apparatus 
required is fairly simple and is described in Standard Methods of thy 
‘Vechnical Association of the Pulp and Paper Industry. ‘The material 
being tested is fastened by water-vapor-proof wax as a lid or cover ove 
a small bowl or petri dish containing a desiccant and providing a 
relative humidity of approximately zero. “The dish is then placed in 
a room with a constant degree of humidity. “Lhis method, however, 
was devised to determine water-vapor-permeability at 50 percent rela 
tive humidity and 27° C., whereas we are interested in temperatures 
as low as —20° C. Results obtained by a method like this would b« 
of much greater value if humidity conditions were equivalent to those 
prevailing in ordinary low-temperature rooms with a relative humidity 
of about 100 percent on one side of the packaging material (as on 
the surface of the product), and a relative humidity of 70 to 80 pe 
cent on the other side (as in the atmosphere of the low-temperature 
room). 

The Danish Refrigeration Research Laboratory is conducting ex 
periments with the device shown in Figure 20. “Iwo circular pieces 
of the material to be tested are held tightly by three rubber packing 
rings and two outside metal rings secured to each other by screws, 
insuring an air-tight fit. In the circular space, between the two pieces 
of material to be tested (about 50 mm. in diameter) is placed a moist 


WVP Testing Device 
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Figure 20. De- 
vice for testing 
water-vapor 
proofness of 


materials. mum feta! 
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piece of filter paper, and when this device is placed in an environment 
of —18° C. and 70 percent relative humidity, a small model of a 
parcel of frozen food in a low-temperature room 1s obtained. In _ 
principle the method is the same as that developed by Reichsinstitut 
fur Lebensmittelfrischhaltung, Karlsruhe, Germany, during the war, 
except that they simply stamped circular pieces of the material to 
be tested which were mechanically glued together along the rims 
and hung up in small racks in a specially constructed air-conditioned 
testing room. Finally, it cannot be taken for granted that a material 
which has great water-vapor-permeability at say 50 percent relative 
humidity and 23° C. has the same water-vapor-permeability at 75 
percent humidity and —18° C. It is necessary to determine the water- 
vapor-permeability under the same conditions of humidity and 
temperature as those under which the material is to be used in 
actual practice. 


AIR- AND FLAVOR-PROOFNESS 


Frozen food packaging materials must be impermeable or at most 
only slightly permeable to gases, particularly oxygen, which causes 
rancidity, and other effects as well as change of color. In general, a 
good water-vapor-proof packaging must be both air- and flavor-tight. 

Sugar, syrups, brine, or even plain water may well be included 
among protective packaging materials. They all afford protection 
against dehydration or exchange of vapors and gases. They can, in- 
expensively, make a poorly protective carton absolutely effective for 
at least a limited storage period. Frozen whole fish, not packaged, are 
often glazed by dipping in water or by having water poured over 
them, providing them with a thin layer of ice which gives excellent 
protection until in the course of a few months the ice disappears by 
evaporation. 

To measure air-and flavor-proofness is rather difficult: no simple 
method has yet been devised for this purpose. The Karlsruhe In- 
stitute has developed an apparatus for determining air permeability, — 
a system of capillary tubes, cocks, and manometer tubes with which 
it is possible during a period of time to keep a fixed pressure dif- 
ference between the two sides of a sample under test. By this means 
the quantity of air which passes per unit of time through a fixed area 
of the material can be determined. 

To determine flavor-permeability the Karlsruhe Institute used an 
apparatus consisting of an air-tight container at the bottom of 
which is placed a dish containing a scent. The dish is tightly coy- 
ered with the sample of material to be tested. On a rack inside the 
container 1s a dish containing a fluid which absorbs the scent that 
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has penetrated the sample of packaging material. The amount of 
absorbed odor can be determined by chemical analysis. 


TEMPERATURE, MOISTURE, RUPTURE, 
AND ACID RESISTANCE 


The purpose of packaging material is to protect the product it 
covers, but the material is attacked from both within and without. 

Packaging material for frozen food must withstand great fluctua- 
tions of temperature without changing its characteristics. It should 
maintain its protective power and flexibility for at least a short time 
at temperatures of —40° to —45° C. during the freezing period, and 
at as low a temperature as —30° C. for at least one year. ‘There 
should be no crystallization to impair its water-vapor-proofness. A 
special micro-crystalline wax must be used for waxed paper. The ad- 
hesive used for sealing the packaging should have keeping qualities 
and must not dehydrate. If the adhesive in a laminate dries out, air 
canals appear and there is a severe increase in the water-vapor- 
permeability of the laminate, 


Figure 21. Tray- 
type container 
made from 
heavy aluminum 





Precooked frozen foods will no doubt result in a great demand for 
temperature-resistant packaging. ‘The precooked product should be 
packaged while still hot enough to avoid the danger of infection by 
micro-organisms. Such packaging must, therefore, bear up to a 
variation in temperature from as high as 95° C. to as low as —40° C. 
Thin aluminum trays which can be quickly cooled may provide an 
answer. (Figure 21.) 

If the freezing is done by immersion in a cold liquid mixture, 
the container must be resistant to the freezing medium. Cans like 
those used for heat-sterilization of foods satisfy this demand. 
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Ss : . - - Te Jjourtesy of 
Figure 22. Machine for wrapping rectangulay pac kages. (Courte 
Hayssen Mfe. Co., Sheboygan, Wis., U.S.A.) 


Packaging material must withstand the humidity developing from 
hoar trost when the package is removed from. the low-temperature 
room. It must withstand the stresses of handling. Wrappings fon 
meat or poultry must resist ripping or tearing by protruding bones 
and have the strength to meet the mechanical packing. 


MECHANICAL STRENGTH 


Within the package the materials used should resist the action 
of humidity. For sugar syrups, brine, and several kinds of foods, the 
inner facing of the package must be acidprool or greaseproof. Many 
packaging films are inherently waterprool, but others such as cello- 
phane must be coated with a special waterproot lacquer. 

As to metal foils or cans, the problems are the same as in the 
use of cans for heat-sterilized foods: the metal surface must be pro- 
vided with a protective coating—tin or enamel on iron, or an 
oxide film or enamel on, for example, aluminum. 

The attack of fruit acids can be measured qualitatively by fastening 
the coating to be tested tightly over a petri dish and placing the dish 
bottom side up over a piece of aluminum foil. Through a small hole 
in the turned-up bottom of the dish, lemon juice or 
substance is poured over the coating being tested. After a given time, 
penetration of the coating can be determined bv the 
corrosion of the aluminum foil. 


or a similar acid 


amount ot 


PACKING SPEED 


Filling and closing are the two basic operations in packaging. De- 


pending on the desien of the package, operations such as untolding, 


§2 


setting up, sealing, and/or 
wrapping must be added. ‘Lhe 
natural tendency ts to restrict 
the process to the two basi 
operations, but this is not 
always possible. It is very 
dificult to avoid manual 
work when packing a product 
such as fish fillets, but efforts 


are being made toward that 





7 Oo 
end. Figure 22 shows a Hays 
23 Carton desiened for auto 


g sen machine which receives 
(Courtesy of Viarathon 


Figure 


matic filling 


Y. 


hand packed shrimp and pro 
Corp., Menasha, Wis., U.S.A 


vides them with an overwrap 
of heat-sealed waxed paper at the rate of 50 packages per minute. “To 
increase the packing rate, the cartons must be specially designed for 
machine packing. The Marathon Corporation carton shown in Figure 
23 which is shipped flat, is difhcult to set up by hand. But placed on 
the machine shown in Figure 24, 80 to 100 cartons of peas can be 
packed per minute. This machine made by the Food Machinery 
Corporation is one of the newest developments in packaging ma 
chinery. It is intended for packing free-running, frozen, or unfrozen 
products such as peas or cut beans. The cartons are stacked into a 
magazine from which they are automatically removed, opened, and 
carried up under a_ revolving filling table, which automatically 


measures the volume ol the product to fill the cartons. From the 


Figure 24 Fillin machine for use with carton shown in Figure 25 


(Courtesy of Food Machinery Corp., San Jose, Calif., U.S.A 





filling table, where the car- 
tons are vibrated, they pass on 
for closing to a specially de- 
signed apparatus and are then 
carried to a wrapping ma- 
chine like the one shown in 
Figure 22. These cartons can 
also be used in inserted mois- 
ture-vapor-proot bags, which 
are heat-sealed just before the 
cartons are closed. 

Such packaging requires 
many operations. The wrap- 





Figure 25. Carton requiring no inner- ping operation may be. dis- 
bag or overwrap. (Courtesy of Con- S 4 + 7 i 
tainer Corp. of America, Chicago, IIl., pensed with if a carton 1s 
U.S.A.) used (with the necessary ma- 
chinery) of the type shown in 
Figure .25,. ‘This ‘carton “1s 
made of heavy, moisture- 
vapor-proof laminated board, 
making it possible to dispense 
with both inner bag and over- 
wrap. ‘The laminate can be 
heat-sealed. 
It is possible to increase 
packing speed still further by 
Figure 26. This carton, with paper- applying to frozen foods the 
board sides and metal ends, can be can-closing principles used for 
filled and closed like a metal can. “ty: ? ; . 
(Courtesy of Quick Frozen Foods, New sterilized canned foods. Fill- 
York, N.Y., US.A.) ing and closing can be stepped 
up to 150 to 160 cartons per 
minute. Figure 26 shows the carton used to make this possible. It 
consists of a heavy wax-treated fiberboard body with metal ends at- 
tached. Three large factories in the United States are producing 
these cartons which are generally called composite fiberboard cans 
or Canco containers. 





METAL CONTAINERS 


Metal containers have the advantage that they reduce freezing time, 
but, in spite of their good protective qualities, cylindrical metal cans 
are not generally adopted for frozen foods. Thev utilize storage space 
less effectively than brick-shaped containers which is economically im- 
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portant because space in cold 
storage is more expensive 
than space in most other 
types of storage. Furthermore, 
contact freezers require con- 
tainers of which the two larg- 
est faces are flat and parallel. 

The brick-shape container 
is also preferred for quite an- 
other reason: A frozen prod- 
uct packed in an ordinary can 
of inflexible tin sheet may in- 
advertently be taken by the 
customer for a can of heat- 
sterilized food and allowed to 
stand thawed out for some 
time at room temperature. Figure 27. Rectangular aluminum 
The consequent depreciation Ke sae 
of quality may easily bring 
that brand into ill repute with the public. This can be avoided by 
using distinctive shapes and labels. 

An interesting development in metal containers is that shown in 
Figure 27—a single layer of heavy aluminum foil which is folded 
into the shape of a box. The seams are tightened with a water-vapor- 
proof thermoplastic. The manufacturers claim that it reduces freez- 
ing time by one-third to one-half. Its glossy appearance gives it 
sales appeal, another important requirement in packaging. The de- 
sire for a glossy surface with more sales appeal often leads to use of 
the cold-waxing method of impregnating paperboard in preference to 
the more penetrating hot-waxing method. 





WHOLESALE CONTAINERS 


Large containers are used especially for products such as berries, 
fruit pulp, and eggs, which are to undergo further processing after 
being thawed out. Quick freezing of such products is not absolutely 
necessary and surface dehydration does not impair them to any es- 
sential degree. Parchment or wax-paper-lined fir barrels with a ca- 
pacity of 110 or 190 liters are widely used, as well as kegs of 19 or 
38 liter-capacity. 

Figure 28 shows frozen-pack cans of 14 kg. and 19 liters (30 Ib. 
or 5 gal.). These cans have excellent water-vapor-proofness, great 
mechanical strength and the square one has excellent stacking quali- 
ties. 


SHIPPING CONTAINERS 


The prime function of shipping containers is to protect the smaller 
units packed in them. ‘The foodstuffs are protected by the packaging 
materials of the smaller units. To save the smaller packages within 
from damage the shipping container must have the necessary m« 
chanical strength. 

Fiberboard cases are most 
generally used as shipping 
containers for frozen food. 
Solid, heavy fiberboard has 
proved stronger than the cor- 
rugated kind, the insulating 
qualities of which are unnec- 
essary in modern refrigerated 
transport. Shipping — cases 
must be so designed that then 
contents le compactly, and 
the adhesive of the taping 
must be capable of withstand 
ing long periods of cold. A 
tape consisting of asphalt 
laminated kraft paper has 





Figure 28. Large tin cans used for given particularly good re. 
wholesale packs of fruit and CLES. sults. Since many small pack. 


ages, despite all safeguards, 
liberate a certain amount of water-vapor during long storage at low 
temperature, all closing parts and potential leakage spots such as edges 
and corners should be sealed with such tapes. If the packages within 
the shipping case are not sufficiently water-vapor-tight, and ice crystals 
form on the inner faces of the shipping case, the case must be en- 
larged, or better still reinforced. Ice crystal formations, if they do 
not break the case, make it bulge and create stacking troubles. 


TESTING SHIPPING CONTAINERS 


I ruly reliable information on the mechanical strength of such con- 
taimers can only be obtained from a large number of test shipments 
during which the material's power of resistance can be observed 
under the practical conditions for which it was designed. But this 
often calls for an undue amount of time and oe 
simplified tests is often used in order t 
shipping containers. These tests are 
most Important are mentioned here. 


Apparatus for 
oO estimate the qualities olf 
generally known, and only the 
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Conditions in actual practice are best simulated by the drum- and 
drop-testers. By tumbling the fully packed shipping container in 
a drum with various internal projections, and by letting it fall in 
a definite way from a specified height, it is exposed to rough treat 
ment capable of measurement. 

Compression tests are important in ascertaining the resistance ol 
the cases when piled. Finally, mention must be made of other im- 
portant tests such as the Mullen, rigidity, and puncture tests. All 
testing of containers for frozen food should be carried out unde 
temperature and humidity conditions which correspond exactly to 
the practical conditions under which the containers are to be used 
generally —18° C. and about 75 percent relative humidity. 

Valuable information on testing methods can be obtained through 
the ‘Technical Association of the Pulp and Paper Industry (PAPPT), 
New York, and the American Society for ‘Vesting Materials (ASTM), 
Philadelphia, Pennsylvania, U.S.A. 


STANDARDIZATION OF PACKAGE SIZES 


Standardizing the size of packages is of great economic HWaporlance 
to European countries, where the production of frozen food has 
reached large proportions only in certain areas and where the im 
port and export of trozen food and packaging materials should in 
the future become much more important. Carton sizes used through 
out the world, present a rather confusing picture, but certain trends 
can be pointed out. Table 3 summarizes an claborate survey in the 
United States periodical, Quick Frozen Food for May 1946. It shows 
current United States sizes of one-pound (454 g.) containers; 10, 12, 
or 14 ounces (284., 341, or 398 g.) of vegetables, according to the kind, 
are also packed in this size carton. Institutional packages are manu 
factured to contain from 2 to 214 and 4 to 5 pounds (908 to 1,155 
and 1,816 to 2,270 g.) of vegetables and 5 to 10 pounds of fish fillets. 
The dimensions used—length, width, and height—vary considerably 
among these larger cartons. The picture has not changed essentially 
since 1946. The most common size consumer package is 514 by 4 by 
134 inches (123 by 102 by 44 mm.), the height varying from 334 to 
6 inches (95 to 152 mm.). 

An investigation undertaken in 1916 by the Eastern Frozen Food 
Association in the United States indicated that the frozen food packers 
were in favor of adopting as standard the following sizes: 

A 12-ounce package—6 by 34% by 134 in.; 36.75 cubic inches (ap: 
proximately 602 cm*) holding 12 ounces (340.5 g-) frozen vegetables 
(for example, peas), or 16 ounces (153.6 g.) of frozen fruit (for ex 
ample, sliced strawberries); a 40-ounce package—l0Y% by 6 by 2 in. 
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TABLE 3.—DIMENSIONS OF 1-POUND (453.6 G.) CONTAINERS* 











Material to be packaged | Dimensions 

Gus vENCHET Ge 
Fruit ee Boo is Bn ont Aree ae Re eee 5: ee, KL 1 
Fruit ; NOPE nes: ee, RRS ee Pe Acct p feh oe Joe ee 54 x4 xI1ly% 
Fruit " Shy eee ciniatr bebe - are ee a Same 
Vegetable ' Jiscpiktes x Ki Dias si ee aver ae ae on gett ee, ee ies 
Rein. 83 padscatias atees basen nis «Sete SCTE eG nr oe 514 St Oe 156 
EDUEG 7s pean C5, gies eae pc A, es ce 54x44 x1l% 
Veretapie,.... 2. > — , ere eer rier yt te ene, * 54x 44x ly, 
Fruit yasiaaeaes ia fata acne aye, Dest goa eg ee ee oe stereos ae? 54x 444 x ly, 
Vegetable. . ¥ eee BE am, 8 iia ae 544 x 4144 x 13, 
EUS nag ean ae ee ie ae a ct eee CES Pe ee 54x 444 x 1¥% 
DUM rae, lactis ona en ee en eee ee ee ee 54x44x 1% 
Broite.n ee on SLE est). e S/S aes TY es 534x4 x 13, 
LR OW er cas a Se ee aR er en Pee Oe eee oo 54x4 xly 
| See ca oe Sey OREN A MT ON Ln Br 4 Ly 544 x 4144 x 1% 
i ee dn Paes afew gn 5 rah py Syl eas eae, ieee ee Re, ac: Se. ak 7 
3 Oe ee Ore ae en cee Np a F. 644x4 xly 








*SouRCE: Quick Frozen Food, 8:84, May 1946. 
‘ Majority of vegetable 1-pound (453.6 g.) containers. 
* Majority of fruit 1-pound (453.6 g.) containers. 


126 cubic inches (approximately 2,065 cm®); a 10-pound package— 
104 by 12 by 4 in.; 504 cubic inches (approximately 8,260 cm’), 
One shipping case measuring 12 by 1014 by 16 inches (about 300 by 
270 by 400 mm.) could be used for any one of these three packages. 

In Europe, current sizes vary even more than in the United States, 
but there is a tendency in the consumer sizes to preter cartons with 
bases of 125 by 100 mm., 150 by 100 mm., and 200 by 75 mm. (5 by 
4 in., 6 by 4 in., and 8 by 3 in.). 

Norway and Denmark are very much interested in the standardiza- 
tion of carton sizes for frozen foods. With a view to international 
standardization under the IOS (International Organization of Stand- 
ardization), the Norwegian Standardization Association has drafted 
specifications to govern the length of edge for standard carton sizes. 
Briefly these are as follows: 

A basic shipment case is standardized with an inside minimum base 
of 250 by 200 mm., (10 by 8 in.) with a free choice of the third 
dimension of 200, 225, 250, and 300 mm. (8, 9, 10, and 12 ii.). De 
mensions of larger shipping cases are then fixed as multiples of the 
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dimensions of the minimum shipping case. For the small packages— 
consumer and institutional size—one dimension would be a simple 
fraction of 200, 225, 250 and 300 mm. In Denmark the work is based 
along the lines laid down by the Norwegian Standardization Associa- 
tion and centers about the selection of sizes suited to Danish and, if 
possible, Scandinavian requirements. Denmark has agreed for the 
time being to propose standardization in 14 different sizes: three 
heights on the base, 125 by 10 mm. (5 by 4 in.); three heights on the 
base, 150 by 100 mm. (6 by 4 in.); three heights on the base, 200 by 
85 mm. (8 by 31% in.); four heights on the base, 250 by 125 mm. (10 
by 5 in.); and one height on the base 250 by 200 mm. (10 by 8 in.); 
with six corresponding shipping cases. 


FUTURE TRENDS 


‘The experience gained during World War II with new plastics, 
will no doubt be applied to the packaging of frozen foods. For in- 
stance there is the new “dip-coating.” Products to be packed are 
dipped for a moment in the melted thermoplastic, which stiffens at 
room temperature. When the product is thawed out for use, the 
coating is simply stripped off. 


SELECTED REFERENCES—CHAPTER 7 


Anonymous. Descriptions of consumer size packages. Quick Frozen Foods (New York, 
1940 NEV e222 1; 


. Paper containers for frozen foods. Western Canner and Packer (San 
1944 Francisco, Calif., U.S.A.). 36:51. 








_ Dimension of frozen food packages. Quick Frozen Foods (New York, 
1945 N.Y.). 7:56. 


Du Bois, C. W., and Tressler, D. K. Moisture-vapor-proofness of wrapping materials used 
1939 in frozen foods. Ice and Refrig. (Chicago, Ill., U.S.A). 97 :449-51; and 
Fruit Products Jour. & Amer. Vinegar Indust. 19:107-109. 


Standard Methods of the Technical Association of the Pulp and Paper Industry (New York, 
N.Y.). Bulletin T448m-44. 


Tressler, D. K. and Evers, C. F. The Freezing Preservation of Foods. 2nd Ed. Avi Publish- 
1947 ing Company, New York. 


Woodroof, J. G. Desiccation of products stored at low temperatures. Refrig. Engineer. 
1941 (New York, N.Y.). 42:383-87. 


a eng Durree, W. Frozen food containers and container materials. Refrig. 
1942 Engineer. 45:75-81; and Quick Frozen Foods (New York, N.Y.). 5316-17, 22. 


89 


8. Judging Flavor, Color, 
and Texture of Food! 


ORGANOLEPTIC testing of food means judging it by human 
senses—sight, smell, taste, and feeling. | 

The only thing that really matters in defining the quality of a 
particular food is the impression it makes on the human senses when 
it is eaten. ‘Phe consumer impression of food is very complicated. The 
consumer gets a total impression, and he can hardly separate the 
whole into “‘part-impressions” of food. Generally it is impossible for 
another person, on the basis of a number of testings of single quali- 
tics, to form a true picture of the entire impression a_ particular 
lood has made on a person who has judged it as a whole. A large and 
important part of the quality impression originates from the inter- 
action of the single characteristics, and these simultaneously com- 
preherded combinations may be quite decisive in reaching a judgment. 

The form and color of a food can be precisely measured by finely 
constructed instruments. But, the attraction or repulsion of the 
combined color nuances, or the aesthetic impression of light and 
shadow, or the composition of the various shapes cannot be measured. 
lherefore, organoleptic testing is necessary. It must, as a matter of 
fact, form the basis of quality control of food. 

Unfortunately organoleptic tests have a few very great disad- 
vantages: ‘They are subjective. The “measuring instruments” are very 
dissimilar, and, as a rule very uncertain. 

There are two fundamentally different methods of organoleptic 
testing: difference testing and quality testing. 

Difference testing is used to ascertain whether there is any difference 
between the characteristics of two or more products, but it does not 
measure differences in quality. Difference testing is well suited for 
experimental work: Results can be obtained with great certainty 


and 


Based on a Paper presented by MM. Kondrup. 
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they can be reproduced. Hence, they have value in the future, 

The purpose of quality testing is to decide whether one product 
is better or poorer than another. ‘These tests should be performed 
as far as possible only in connection with difference tests, either as 
succeeding independent tests, or, if desired, combined with difference 
testing. Quality tests are of greatest .nterest both to producer and con 
sumer, but the great difficulty in obtaining even fairly accurate re 
sults lies in the divergent views as to what, in a given case, Is better 
or poorer quality. “The conception ts subjective. What one person 
may consider an improvement another may consider a deterioration. 
Differing dietary habits of countries or regions make universal quality 
definitions impossible—and also make it impossible to arrive at re- 
sults that can be reproduced. Publicity campaigns may gradually alter 
the attitude and taste of the consumers. Seasonal variations in food 
play a certain role—the poor ability of the consumers to remember 
particular quality characteristics in a particular food. For example, 
what should be the color of peas of optimum quality? Fresh frozen 
peas are almost always of a deeper green color—bluish green—than 
the same variety of peas in the fresh unfrozen state, Which is better? 
In the pea season many people think that frozen peas are “too 
green,” but the same people, several months after the season when 
no fresh unfrozen peas are obtainable, find the deep green color of 
the frozen peas excellent, “just like” fresh unfrozen peas. 

‘Two courses are open to ascertain which of two products is the 
better: The staff, a comparatively small testing panel at the factory, 
may decide what is good and what is bad, after laying down rules 
for changes in the different characteristics, in order that they may 
be called improvements. Or, market analysis may be used to find out 
what consumers consider as improvements. ‘The first course is dan- 
verous: It can by no means be taken for granted that the conception 
of a few persons about the quality of a product will be the same as 
that of the consuming public and will result in a product that 1s 
salable and competitive with other similar products. The latte 
course is expensive and troublesome: At least 400 to 500° persons 
must be included in a market analysis, as the lowest number required 
for reliable statistical conclusions to be drawn on the percentage ol 
consumers preferring one product to another. ‘The organization work 
connected with a market analysis may act as a deterrent, 


NUMBER OF TASTE TESTERS 


The diagram in Figure 29 ts taken from an article on statistical 
treatment of taste testing by the Swedish brewing engincer, Kyell 
Bengtsson, at the Svensk Bryggeritidsskrift in 1946. The curve shows 
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the percentage of different 
numbers of taste testers who 
must agree in order to rule 
out guesswork. Not much is 
gained by increasing the num- 
ber of testers beyond 400 or 
600, but with a low number 
of testers a far greater per- 
centage of agreement is re- 
quired to give the results the 
strength of proof. 

Bengtsson states that if a 
food-packing plant which in- 
cludes taste testing in its ex- 
perimental work counts on 
70 to 80 tasters, according to 
Figure 29. Curve showing the per- the curve corresponding to 


ee of the en ee of taste ae an agreement of from 30 to 
who must agree in order for results oO ye : 
corte : f 35 percent—the result will 


be reliable. } 
be warrantable. Experience 
shows that if thoroughly trained tasters are employed who test prod- 
ucts with which they are quite familiar, serviceable results in, for 
example, operating control may be obtained with only 10 to 20 
tasters, partly because it is possible to sum up the results from differ- 
ent taste testings. 





NUMBER OF TESTERS 





What is said here about the number of tasters applies both to 
difference and quality tasting, with the important proviso that quality 
tasting with a small number of tasters only gives reliable results if we 
can—or dare—assume that the opinion of this small number of 
persons really reflects the opinion of the consuming public. 

One of the methods for obtaining more reliable results through 
organoleptic testing is to work it on a statistical basis. 

The Scandinavian brewing industry in the last decade has greatly 
developed and improved the methods of tasting beer, with special 
stress on a statistical basis. The results arrived at can be transferred 
in many respects to the organoleptic tasting of many other products, 
including food preserved by cold. 

The methods assume that organoleptic tests of small differences 
in products are likely to yield haphazard results. Therefore, to judge 
the results arrived at by a taste-testing panel it must be ascertained 
beforehand how large a part of the result may be guesswork. If the 
testing method and the number of testers are known, it is possible, 
by a few simple statistical calculations, to forecast how many of the 
participating testers will give an opinion in a definite direction in 
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order that there may be a certain probability fixed in advance of 
the result not being reached by mere guesswork. 

‘Tests may be run as two-sample tests, multisample tests, and tri- 
angle tests. The latter is preferred. ‘Triangle tests, used to ascertain 
quite small differences, are carried out in this manner: ‘The testers 
are given three samples, two of which are absolutely alike. Before any 
different judging can be done, the tester must find out which of the 
three samples are alike. This method assures that the testers for 
psychological reasons are less inclined to guesswork. It also assures 
that the percentage of testers who will give an opinion in one definite 
direction is, for statistical reasons, lower than by the two other 
testing methods, and hence that the result has the strengh ol proof. 


STATISTICAL ANALYSES OF RESULTS 


The Swiss Bernoulli, about the year 1700, ascertained that the 
haphazard distribution in the cases which are of interest here takes 
place in accordance with the binomial theorem: 
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In this formula p and q denote the distribution of the votes given 
as mere guesswork. The values of p and q in figures depend upon the 
testing method chosen, In the two-sample test, where the tester is 
to decide whether one out of two samples differs from the other in a 
definite direction, 50 percent of the testers will by mere chance express 
themselves in favor of one sample, and 50 percent in favor of the other. 
In this case p = lg and q = 

Multisample tests are treated like two-sample tests, the individual 
samples being compared 2 and 2. In triangle tests, where difference- 
testing is necessary in the first place, and then, if desired, quality 
testing, one-third of the testers will by mere chance select the sample 
which is actually different from the others, and two-thirds of the 
testers will be mistaken, resulting in p = Vg and q = %. Of the 
one-third who have selected the correct samples, half, or one-sixth 
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PAbLE 4.—NUMBER OF ‘TESTERS REQUIRED IN A ‘TESTING PANEL 





Triangle tests 
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" SourcE: Kjell Bengtsson. 

* Number of testers whose opinions reflect Probability of error is below 5%. 
** Reflects probability of error is less than 1%. 
*** Reflects probability of error is less than 0.1%. 


ol all the testers, will by mere guesswork favor the sample of which 
there is only one and the other half will favor of the other samples, 
When the binomial theorem is used to find out whether the number 
of the participating testers who express themselves in favor of the 
single-sample is sufficiently large in proportion to the total number 
of testers to give the result of the strength of proof, it is necessary in 
the binomial theorem to insert p = % and. ¢g = b: 

Further computations are more complicated, but the results of the 
computation may be inserted as in Table 4, which is an extract of 
a table prepared by Kjell Bengtsson, 
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This technique may, in a somewhat modified form, be applied to 
the testing of foods. ‘The Danish Retrigeration Research Laboratory 
is using these methods to determine the suitability for freezing ol 
different varieties of Danish berries and vegetables. 

Many others besides the Scandinavians mentioned have done re 
search on this subject. A reference list is given at the end of the 
chapter. 

Organoleptic testings may also be improved in other ways. It ts 
ol the greatest importance to be able to select smaller panels of special 
testers, since it is very seldom possible to work with large testing 
panels. Not all persons are equally qualified for organoleptic testing. 
Great selectivity is required both toward small differences and small 
absolute values. Some persons are “taste blind,” particularly in 
regard to bitter tastes. Age and training of the tester play some 
part, in addition to a good organoleptic memory, an ability which 
may exist in people of inferior organoleptic selectivity. Memory may 
be of great importance in certain tests, especially single-sample tests. 
Smokers may be excellent taste testers; there is so great a difference 
in peoples’ tasting capacity that the difference between the capacity 
of smokers and nonsmokers is of subordinate importance. 


SELECTION OF TASTE PANELS 


The selection of testers should be made on a statistical basis. Some 
investigators have been trying to determine the threshold values 
of human organoleptic perception, that 1s the smallest concentra- 
tions that can be tasted of the four primary components Into which 
all tastes usually are divided: sour, sweet, salt, and bitter. It 1s 
possible to select special testers on the basis of their threshold values. 

However, the experience of the Technological Laboratory of the 
Danish Department ol Fisheries and of the Danish Refrigeration 


Ficure 30. Taste-testing frozen food in one-man room, 
5 £ 





Research Laboratory has shown that, in spite of the large amount of 
work involved in this method, it does not ensure that the people 
chosen are especially capable of testing the kind of food they have 
to test. It is much better to find reliable testers by statistical methods, 
especially the triangle test. “Chis would involve the use of foodstufts 
the testers have to test during their daily work and with which they 
have had some previous experience. A thorough selection of experts 
may take a long time, but it pays in the long run. <A small panel 
of first-class testers can give warrantable results. ‘The warranty can 
be increased considerably by having the pane] test the same samples 
several times. ‘Thus, the selection of difference testers is only a 
problem of thoroughness and patience, but the selection of quality 
testers can cause great difficulties: “he small panels must be so com- 
posed that they express the average opinion of consumers. 


TASTE-TESTING TECHNIQUE 


The reliability of organoleptic testing can be increased by im- 
proving the technique itself. The conditions under which the tester 
works must be the best and most congenial possible. Noise, ex- 
traneous smells, loud colors, or having to stand disturbs and _ tires 
the tester and distracts his attention. He must concentrate completely 
on the task and must not be disturbed. Particular care should be 

is testers can cause great difficulties. The small panels must be so com- 
denoting relish or disgust, statements by persons who may be sup- 


Material 
FOOD QUALITY ASSESSMENT CARD 


Investigator 
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Typical | ofr Ota 
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Figure 31. Score card used in recording results of food 
testing. : 
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SCORING SCALES TO BE USED 


Scale 1.- For assessing Ss 

cale 2.- F 
typical colour, texture, off colovr pLievec shane 
odour and flavour. flavour. : 


+5 
+4 
+3 
+2 
+1 


O 


=] 
-2 


-3 


-4 
-5 


Deficiency 


Scoring scales for other characteristics to be in accordance with 
specific instructions from the standing committee on taste panels. 





Figure 32. Scoring scales used in judging frozen foods. 





posed to be in authority—all this may influence the tester’s personal 
opinion and damage the reliability of the results. 

Small one-man rooms are often fitted up in large laboratories in 
which testing can be done in peace and quiet (Figure 30). Here there 
is nothing to distract the tester. The samples are handed to him 
through the opening in the walls. ‘The samples are nameless, having 
only code numbers. The leader, who does not take part in the 
testing, briefs the testers just before the test, giving them instructions 
about points to which their attention should be directed. “The sam- 
ples served, one of which is standard, are of the same temperature. 
Bowls and spoons are tasteless, odorless, and of a neutral color. ‘The 
tester does not swallow samples, but after tasting a sample he 
deposits it in a filter paper such as those shown in the two beakers in 


the background. 


SCORE CARDS 


The score card shown in Figure 31 is used to record the results. 
These cards, filled in and signed, are collected and handed to the 
leader before the testers are permitted to speak to one another about 
the testing. This card is intended for quality testing by experts, 
experienced in testing the foods served, and who know beforehand 
what is good quality and what is bad. Scale 1 of the card (Figure 32) 


ay 







Test no. P ur Product Peas 
Characteristic(s) to be tested Color 







Judgement A: 


right ce 
wrong [__] 


A: Which sample is different from the two others: 


Pols rete $(¥] cannot decide [__] 















B: Is this sample better or poorer than the others: 
better = poorer 7) 
In which direction: —gelloursh 


Date: oc (2 10 4B 75: 
(Judge) 


Figure 33. Typical record card used for a “triangular” taste test. 















trcth 


Investigator 











fluctuates from minus 5, “totally lacking,” to a plus 5, “totally unfit.” 
Particular values in points may, if necessary, be provided with stand- 
ardized descriptions. 

If a triangular test were to be undertaken, a form such as the 
one in Figure 33 is needed. The judge checks the squares on the left 
hand side of the form, the leader checks the right hand side. 

Tests done by trained persons at the Technological Laboratory 
of the Danish Ministry of Fisheries and at the Danish Refrigeration 
Research Laboratory rate the characteristics of color, odor, taste, and 
texture according to a scale, on which | point is given for “bad” and 
up to 5 points for “excellent,” the standard deviation for testings on 


FLAVOR 
8 


A 


Figure 34. Decline in 
flavor of cod fillets dur- 
ing 15-day storage at -t-1 
C: 


1S DAYS 
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the middle part of the scale is ruling between +14 and +1 point, 
smallest for color and highest for odor. 

Figure 34 shows the decline in quality for the taste of cod fillet 
from the time of death until putrefaction sets in after about 15 days. 
The middle, boldest curve denotes the average testings in comparison 
with the time of storing at +1° C. The vertical distance from the 
bold curve to the thin curves denotes the standard deviation of the 
testing panel at various points. — It will be seen that the panel tests 
most effectively at Aand B (5 points = excellent, and | point bad) 
less effectively around C (2 points = poor), 
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9. Plant Sanitation! 


PERISHABLE FOODS are excellent media for the growth of micro- 
organisms, especially bacteria and molds. A study of the micro- 
organisms of beef and pork indicated 239 different strains of nonspore- 
bearing bacteria, eight strains of aerobic spore-bearing bacteria, and 
59 strains of spore-bearing anaerobes. In addition many different 
molds were found. ‘The flora of fish consist principally of achromo- 
bacter, micrococci, flavobacteria, pseudomonas, and bacilli. 

The optimum temperature for the growth of many micro-organisms 
at about 37° C. As the temperature is reduced, the growth of 
micro-organisms and the consequent spoilage of foods is less rapid. 
As a rule, the lower the temperature the less rapid the growth of 
spoilage organisms, but most of these bacteria, molds, and also yeasts 
are capable of growth and may cause food spoilage even at +1° C. 

Freezing of foods kills some of the micro-organisms, but only in 
fruit juices does it destroy a large proportion of the bacteria. How- 
ever, when the temperature of foods is reduced to about oe) A ian Be 
the growth of micro-organisms becomes so slow that it does not 
spoil them. However, if the temperature of the frozen foods rises 
above 0° C., micro-organisms again begin to multiply and soon cause 
spoilage. 

Since refrigeration or even freezing does not sterilize foods, a high 
degree of sanitation is necessary in order to prevent contamination 
of foods by pathogenic and food poisoning micro-organisms. 


GOVERNMENT SANITARY INSPECTION 


In Denmark, for example, cold storage plants work principally 
for the export trade in meat, pork, eggs, and butter. The meat- 
packing industry is subject to government meat inspection, extending 





‘Based principally on a paper presented by Aage Jepsen. 
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to government inspection of sanitary conditions in cold-storage plants. 
Every cold-storage plant has an inspecting veterinary officer and a 
lay inspector, both appointed by the Ministry of Agriculture. In- 
spectors must see to it that: (1) only fresh and sound products are 
admitted to the plant, (2) all meat products are properly inspected, 
(3) all goods are stored and handled in a sanitary manner, and (4) 
the whole plant is kept clean and sanitary. Specific rules are estab- 
lished for cleaning and disinfection of rooms and equipment. 

To establish and maintain proper sanitary conditions in food 
plants of all types, certain fundamental needs must be met in the 
construction of buildings and equipment. ‘The capacity of rooms 
and machinery must be designed to meet the maximum amount of 
work to be expected, for nobody can run an overcrowded plant in a 
dependable sanitary manner. Both the building and the equipment 
must meet certain sanitary standards so they can be maintained in a 
clean and sanitary condition. Floors and walls should be covered 
with waterproof material, so that they can be washed or hosed down. 
Corrosion-resistant metal should be used in preference to wooden 
material whenever possible. Water supply and drainage should be 
ample and safe. Washing facilities should be sufficient, and the 
rooms should be well-lighted and ventilated. Practical information 
on details of sanitary building construction can be found in several 
information sheets issued by the Federal Meat Inspection Service of 
the U.S. Department of Agriculture, Washington, D.C. 


BACTERIOLOGICAL EXAMINATIONS 


Assuming that a plant meets the construction requirements, there 
remains the question of sanitation methods for daily use. There are 
many ways of controlling the microbe population in food prepara: 
tion and storage rooms, but no standard method is satisfactory for 
all purposes. A careful analysis should be made of all sanitary 
problems which present themselves in a particular plant and_ its 
particular type of work. Bacteriological examinations are very useful 
in tracing possible sources of contamination, Food products and 
processing equipment should be tested at each stage in processing. 
Methods of examining various foods for microbes have been exten- 
sively studied and described by several United States authors, as 
have methods for examining processing equipment, often by swabbing 
with sterile cotton. Certain methods already have been proposed as 
tentative standard methods. In the Royal Veterinary and Agricultural 
College Laboratory some work of this type has been done, especially 
in milk- and meat-processing plants. ‘Total bacterial counts, tests for 
coliform bacilli, and sometimes spore-bearing anaerobes have proved 
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useful in analyzing sanitation problems. Evaluation of bacteriological 
results and detailed records of the particular processing phases indt- 
cate what sanitation procedure should be adopted. 


SANITATION OF EQUIPMENT 


It is difficult, if not impossible, to set up specifications for each 
specific situation, but some general rules can be given: | 

If air-borne contamination is a main factor, ultraviolet light, ozone, 
or glycol sprays may be adequate. 

In most situations, contamination by contact with utensils and 
equipment is by far the most important. The best method of sani- 
tation involves cleaning and disinfection by heat or by chemical 
disinfectants. 

Good cleaning must precede every disinfection in order to obtain 
rchable results. This is especially true of chemical sterilization. But 
dirty utensils are always objectionable, whether sterile or not. Clean- 
ing requires plenty of cold and hot water and plenty of scrubbing 
and brushing. 

Proper use of effective detergents may greatly improve and facili- 
tate cleaning, but the amount and kind of work involved is a most 
important factor. In Denmark, soaps, caustic soda, sodium hydroxide, 
polyphosphates, and silicates are the only detergents available for 
common use, and they remain rather scarce. 

Good cleaning in many cases is about 90 percent of the sanitation 
process. 

After cleaning comes sterilization. Whenever possible, sterilization 
by heat. should be used, because heat has greater penetration than 
chemical agents. But, in using heat, it is necessary to make sure 
that the surface to be sterilized actually reaches a proper temperature 
and remains there for a sufficient length of time. That is not always 
accomplished by low-pressure steam on open surfaces. Closed con- 
tainers and pipelines can be submitted to pressure steam and thus 
safely sterilized. Some years ago it was found that certain gelatin 
products became badly contaminated, chiefly with spore-bearing 
anacrobes, in low-temperature vacuum evaporators. “These spore- 
bearers were not destroyed by chemical disinfection, but the trouble 
was overcome when the evaporators and connecting pipelines were 
so equipped that they could be subjected to steam under pressure. 

Chlorine compounds are still most widely used for chemical dis- 
infection of food plants in Denmark. None of the quaternary am- 
monitum compounds developed in recent years has become available 
lor common use. Official regulations on sanitation, for instance in 
the dairy industry and in the meat-packing industry, recommend 
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calcium or sodium hypochlorites. ‘The chlorine compounds are gen- 
erally recognized as relatively cheap and effective germicides on clean 
surfaces. “Chey are nontoxic in use-dilutions and do an effective job 
of killing vegetative cells, but are said to be ineffective on spores. 

In recent years some work has been done in Denmark which indi- 
cates that the effect of chlorine largely depends on the pH of the 
medium. ‘The main factor in chlorine disinfection is whether con- 
ditions in the active solution allow the formation of hypochlorite ions. 
At high pH values chlorine solutions are stable but less effective. 
Lowering pH mobilizes the hypochlorite ions and increases the killing 
effect, but accelerates the breakdown of the compound and results 
in rapid inactivation of the germicide. ‘This means that, at a lower 
pH, there is a strong but short effect from chlorine disinfectants. 
If enough hydrochloric acid is added to neutralize a calcium hypo- 
chlorite solution and to mobilize part of the hypochlorite, the solu- 
tion is very active in killing tubercle bacilli, which are not easily 
killed by neutral or alkaline hypochlorite solutions. ‘The same is 
true of chloramine solutions. Adjustment of the pH to about 6 is 
advisable, if chlorine compounds are to be used to destroy spore- 
bearers or other resistant micro-organisms; ordinary, less resistant 
micro-organisms can be satisfactorily overcome without that adjust- 
ment. Such an adjustment of the pH makes an unstable solution that 
can only be used immediately after it is prepared, while alkaline solu- 
tions of chlorine are comparatively stable. 

Solutions of chlorine applied to surfaces soon lose their sterilizing 
effect, even at an alkaline pH. Like other oxidizing disinfectants, 
chlorine compounds have no residual killing effect, because the active 
ions lose their power of disinfection because of reduction, ‘This is 
a great advantage in a way, because it prevents toxic effects and the 
development of off-flavors. But, a disinfectant would be more useful, 
if, besides being nontoxic and free from taste and odor, it would pro- 
duce a more lasting effect. The quaternary ammonium compounds 
have many of these qualities. ‘Their residual killing effect is shown 
by an experiment by Mallman and Churchill. “They painted a 
wooden wall with solutions of hypochlorites and a quaternary am- 
monium compound. Two hours later the treated surfaces were 
sprayed with a culture of a micrococcus. ‘Ihe surface treated with 
the quaternary ammonium compound soon became sterile, whereas 
that treated with hypochlorite had lost its bactericidal properties. 
In another experiment, Mallman treated a smooth pine board 
heavily with a 10 percent solution of a quaternary ammonium com: 
pound. After 1, 3, and 14 days the board was sprayed with a micro- 
coccus. Samples taken five minutes after exposure all proved sterile. 
This means that, on heavily impregnated wooden surfaces, con- 
taminating bacteria are killed in five minutes even two weeks after 
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treatment. Table 5 shows results of surface treatment of a wall, 
heavily contaminated with molds and bacteria. ‘The unpainted 
concrete surface population drops from 28,000,000 per 2-inch square 
to 380,000 by washing with trisodium phosphate. Rinsing with water 
reduces the count to 53,000, and swabbing with the disinfectant 
reduces the count to 100. Swabbing on the same wall with the dis- 
infectant without previously cleaning, only reduces the count to 
11,000,000. This clearly demonstrates the fact that, even when 
quaternary ammonium compounds are used, good cleaning must 
precede sanitization. 

Sanitation of food plants usually is performed as a discontinuous 
process. In common practice, cleaning and sanitization of work rooms 
and equipment takes place only once a day, at the end of the day’s 
work. Cold-storage rooms and freezers must be emptied and the cold 
turned off before washing with water and disinfectants can be started. 
Naturally, this can only be done at long intervals; in Denmark cold 
stores are subjected to government veterinary inspection usually twice 
a year, whereas receiving rooms must be cleaned once a day. When 
a freezer or a freezer storage room is to be cleaned, all stored goods, 
racks, trays, and other movable equipment are moved out. Then the 
room is heated by an electrical heater before washing and disinfection. 
In about three or four days the room can be used again. 

The ideal method of applying chemical inhibitory or killing agents 
to chilled food storage rooms would be a concurrent and more or 
less continuous air treatment, that would destroy organisms in the air 
as well as on the surfaces. A number of such procedures have been 


TABLE 5.—EFFECY OF TREATING SURFACES WITH DISINFECTANTS * 








No. of bacteria 
per 2-in. square 


‘Treatment 











Before treatment 











Painted surface ‘ 260,000 

Unpainted concrete surface | 28,000,000 
Washed with trisodium phosphate solution 

Painted surface ... 250,000 

Unpainted surface ; 380,000 
Rinsed with tap water 

Painted surface 26,000 

Unpainted surface 53,000 
Swabbed with 1:1000 cationic disinfectant 

Painted surface ...... 0 

Unpainted surface nel 100 
lreated without cleaning | 11,000,000 

— _ — _ — — —— — — _ u — _ — 
* SouRCE: The control of microérganisms in food storage. Mallmann, W. L., and Churchill. E. § 


Refrig. Engineer. (New York, N.Y.) 51:523-28; 552-53, 1946. 
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applied—ultraviolet lamps, ozone generators, carbon dioxide, and 
glycol sprays. Each of these may prove useful within certain limits, 
for special objects, but not for all-round sanitation. Nothing that 
is acceptable in food rooms has been found so far that will replace 
ordinary cleaning and surface disinfection. A glycol spray is rather 
effective against vegetative cells, but the spores of molds and bacteria 
are unaffected. Quaternary ammonium air sprays in a 10 percent 
solution are fairly effective. Clean surfaces on the wall in a refrig- 
erator were sprayed with 24-hour-old cultures, and immediately after- 
wards a 10 percent quarternary ammonium solution was sprayed into 
the air of the refrigerator. Later the contaminated surfaces were 
found to be nearly sterile. 

Sanitation in food plants, as already mentioned, is usually per- 
formed as a discontinuous procedure once a day. In several types 
of work, however, recontamination occurs so rapidly that very little 
has been achieved by this method to protect foods from micro- 
organisms. ‘The answer is to adopt some method for continuous sani- 
tizing of processing equipment. In some food-processing plants, for 
instance, elevators and conveyor belts carrying foods are kept per- 
manently clean and sanitary by passing them through tanks or sprays 
of disinfectants. 


IN-PLANT CHLORINATION 


A special method of continuous plant sanitization is “in-plant” 
chlorination, developed recently in the United States of America. 
In-plant chlorination means that chlorinated water is used con- 
tinuously to sanitize food-processing equipment. ‘This application 
depends on a special chlorinator that ensures a constant concen- 
tration of free available chlorine in the water supply of the plant. 
This should prove very useful in many food plants. 
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10. Chilled and Frozen Foods 


CHILLED AND FROZEN DAIRY PRODUCTS' 


COOLING has been used from ancient times as a method of 
extending the storage life of dairy products. Originally only cold 
water and natural ice were used for cooling. When refrigerators 
appeared on the market, and as construction of this machinery was 
improved, artificial cooling became more and more common in the 
dairy and other food industries. 

Refrigeration has made it possible to carry dairy products over 
great acces by trucks, by railways, and by ships. Furthermore, it 
has become possible to regulate the supply of dairy products so that 
the great seasonal fluctuations in production do not necessarily result 
in the same fluctuations in quantities offered for sale on the market. 


Cooling Milk on the Farm 


The producer of milk knows that the keeping quality of milk 1s 
increased in the same degree as the milk is cooled. Many types of 
simple equipment have been manufactured to cool milk with water 
at the place of production, thus improving the quality of the product 
delivered to the dairies for further treatment. But, it is not always 
possible to get water in sufficient quantities and at a sufficiently low 
temperature. Refrigeration equipment for use on the farm has been 
produced that thoroughly cools the milk immediately after milking. 
It may, however, be very difficult and take a long time to induce 
Danish farmers to install mechanical refrigeration equipment such 
as is commonly used by the better dairy farms of the United States 
of America. 





‘Based on a paper presented by S. Nielsen. 
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Cooling in Dairy Plants 

Refrigeration is indispensable in a dairy plant. Fluid milk must 
be cooled immediately after pasturization to prevent the development 
of bacteria. | 

The refrigeration of whipping cream is important, not only for 
the same reason, but also to improve the whipping quality and to 
make the whipped cream stable. Even in normal times, when the 
dairies themselves established the fat content of the whipping cream, 
they always took care to ripen the cream for several hours at tem- 
peratures close to the freezing point in order to get the best possible 
product. In these days, when the fat content of the whipping cream 
must be below 10 percent, cooling plays a much greater role than 
before. It is usual to make several coolings interrupted by slight 
warmings in order to get the right crystalline formation in the butter- 
fat and increase the viscosity of the cream. 


Refrigerated Transport of Milk 

Since 1946 there has been, for example, a considerable export from 
Denmark of fluid milk in bottles, especially to the U. S. Army in 
Germany. ‘This export, has, from a small beginning, developed into 
a daily export of 60,000 liters of bottled whole milk. 

Part of the milk is shipped as far as Vienna, a distance of about 
960 kilometers. In order to transport milk this far without great 
deterioration in quality, it is absolutely necessary that the milk be 
cooled effectively from the place of production to the consumer. 

Dairies are required to deliver the milk in bottles at a temperature 
not exceeding 8° C. If the temperature is higher, the milk is rejected. 
From various Danish dairies the milk is transported to Flensburg- 
Weiche by refrigerated trucks with two different systems of refrig- 
eration: 

1. ‘Trucks with sanitary built-in automatic refrigeration worked 
by separate motors so they can function if the truck’s motor breaks 
down. These refrigerators maintain the temperature of the milk 
from the dairies and, in special cases where long distance is involved, 
it is possible to reduce the temperature of the milk by 1° or 2° C. 
Accordingly, this system of refrigeration is preferred where ereat 
distances are involved. 

2. ‘Trucks in which the milk is cooled by crushed ice. To get 
full use of the ice, it must be crushed into small pieces, and then 
placed among the bottles, cooling the milk as it melts. This system 
Is most effective over short distances because it cools the milk quickly. 
There is, of course, the risk that a careless driver may scoop the ice 
across the bottles and damage many of the caps. 

Upon arrival at Flensburg-Weiche the milk is transferred from 
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the truck to a milk-train having ice-cooled cars, each of which has 
been filled with four tons of crushed. ice, and is well cooled before 
loading begins. On the way through Germany the cars are re-iced 
in Bremen and, if necessary, in Frankfurt. | 

At the various unloading points in Germany the milk is picked 
up by refrigerated trucks which carry it to shops or canteens where 
it is again stored in refrigerators until used, or until the housewife 
buys it and takes it to her own retrigerator. Milk for Vienna is four 
days old before it reaches the consumer, but its temperature through- 
out transportation has been kept at 10° C. or below. 

Not a single complaint of sour milk has been received. Even on 
the warmest days the milk has reached consumers in first-class con- 
dition. Laboratory tests made by United States laboratories in Ger- 
many show that the bacterial count is satisfactory and that B. coli is 
very rare. 

This transport of milk — which at first was only an attempt — 
shows that it is possible to transport fresh milk over long distances 
if the milk is at all times well-cooled. 


Cooling Cream for Butter 

The crystalline formation of butterfat for butter-making is of 
great importance to the body and texture of the butter. 

In winter, efforts are made to product butter with large fat crystals; 
this provides soft and smearable butter even at a comparatively low 
temperature. The formation of larger fat crystals is encouraged if 
the cream is cooled down to 8° C. or lower immediately after pas- 
teurization. When the cream is kept at this temperature for about 
two hours, many small fat crystals are formed. With these as starting 
points, large crystals are formed when the cream is slowly warmed to 
and kept at 18° to 20° C. This method of cooling the cream has 
been of great importance to the quality of Danish butter and has 
made its manufacture more economical. 

In summer, smaller fat crystals are desirable in order to make firm 
butter. Immediately after pasteurization the cream is cooled down 
to the ripening temperature of 18° to 20° C. A few hours later 
it is cooled down to 15° C., while the cooling to a churning tem- 
perature of 8° to 10° C. is done immediately before churning, 


Cold Storage of Butter 


Butter is manufactured in all Danish dairies, for example, from 
thoroughly ripened cream. Normally it has a salt content of about 
1 percent. Butter of this type usually is not suitable for cold storing; 
it tends to become oily, with increasing acidity and salt content. 
The strong flavor with which the butter is manufactured causes a 
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reduction in its keeping quality; it should be eaten before it is 
three or four weeks old. 

In 1943 a committee for the regulation of the market was estab- 
lished to stabilize the market and counteract price fluctuations. When 
the supply of butter was too great, this committee bought it up and 
kept it in cold storage for sale when the supply was scarce. During 
World War II the committee stored butter in order to get supplies 
for the home market during the winter months. 

Most of the butter the Germans bought during the war was stored 
for six to nine months before it was eaten. Since the liberation, the 
British Ministry of Food has stored Danish butter up to four months 
before it was marketed. ‘The change of conditions has caused the 
Danish dairy industry to take an increased interest in cold-storing 
butter, and during the last ten years several experiments have been 
carried out. 

In 1936-38 the Danish Butter ‘Testing Institute made some experi- 
ments on the keeping quality of Danish butter, which was stored 
for three months at —8° C. The results prove that the deterioration 
of the butter during storage is not due to microbiological develop- 
ment, but to its becoming oily. The depreciation in the score of 
stored butter compared with fresh butter was: 

For butter made in January-March 0.6 

For butter made in May-July . 

For butter made in August-November B 
Furthermore, it has been proved that unsalted butter keeps better 
than salted, and that variations in the pH value have no effect on its 
keeping quality. 

A comparison of the butter from five dairies with equipment of 
stainless steel, aluminum. and well-tinned copper and iron and that 
ol five others with equipment of copper and iron with worn tinning 
clearly showed that the presence of iron and copper damages butter 
during storage. 

On the initiative of the Danish refrigeration industry, a new series 
ol experiments were started in co-operation with the State Butter 
Testing Institute, the Experimental Dairy, and the Dairy Laboratory 
which indicated that the use of especially low temperatures does not 
prevent butter from becoming oily, but that butter stored at. the 
lowest temperatures had the best average score. Further, it was found 
that if the butter is stored for six months instead of three, the quality 
is considerably depreciated. The dominant fault in cold-stored 
butter is an oily taste. 

Danish butter made from ripened cream can be cold-stored without 
becoming excessively oily because it contains less than ] percent 
of salt. Butter with a higher salt content becomes very oily durine 
cold storage. ; me 
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The Danish dairy industry faces difficulties when Great. Britain 
demands a salt content of more than | percent, and at the same 
time keeps Danish butter in cold storage for several months. 

Recently a special Finnish salt was tried, which contains certain 
chemicals that neutralize the acid in the serum of the butter, In 
this experiment 720 butter samples were tested and analyzed, ol 
which one-third contained ordinary salt, one-third contained the 
special salt, and one-third were unsalted. Briefly, these experiments 
indicated that part of the special-salted butter lost some of its fresh- 
ness during manufacture or had an aftertaste which, however, was 
usually not very noticeable. After storage it was of a considerably 
better quality than the butter salted with ordinary salt. The neu- 
tralization had counteracted the oily fault, but in many cases minor 
faults were noted. ‘The results were not entirely satisfactory, perhaps 
partly because the salt content was too low, and partly because the 
dairies did not have enough experience with the special salt. The 
unsalted butter and the special-salted butter were about identical in 
keeping quality, and both were better than normal salted butter. 
Other methods for the prevention of oily taste are being studied. 

A storage temperature for butter of —18° to —20° C. gives better 
results than —10° C. or higher, and that unsalted and_ strongly 
salted butter keeps better at —6° to —7° C. than slightly salted butter 
(0.2 to 0.5 percent of salt). Experiments have been done with storage 
of thick, unripened cream which, after eight months’ storage, was 
manufactured into butter. Butter made from the stored, unripened 
cream was satisfactory, but butter, made from stored cream ripened 
before churning, quickly became oily in storage. 

It has been found that no essential advantage is gained by using 
temperatures below —10° or —12° C., while —6° to —8° C., is too 
high. The difference may be that water and buttermilk ingredients 
freeze very slowly and incompletely in salted butter at —6° C., but 
freeze quickly at —10° C., considerably restraining the enzymatic 
and chemical processes. . 

The quality of butter, packed in lightproof and airtight material, 
after storing for two, four, six, and eight months was better than the 
control butter in a 40-kilogram package wrapped in parchment and 
packed in wooden boxes. 

The manufacture of cold-storage butter from sweet cream and salt 
ing the butter to avoid mold growth is recommended. Cold-stored 
butter is firmer after thawing than butter which had not been 
frozen. 

The conclusion to be drawn from these experiments is that butter 
which must be stored for several months ought to be cooled down 
immediately after it is produced. Cooling below its freezing point, 
which with 1 percent salt is about —4° C., is advisable for soft butter, 


Cheese Storage 

While it is advantageous to keep butter at the lowest temperature 
possible from the moment it leaves the churn until it is delivered to 
the customer, the conditions are quite different for cheese. From the 
time when a cheese is molded and pressed, it must be kept at the right 
temperature, and in the right conditions for ripening. Individual 
types of cheeses require different conditions. In the brine, which 
is used for salting hard cheese, the temperature must be kept constant. 
The cheese increases the temperature of the brine, so it is necessary 
to have artificial cooling; water-cooling usually is not sufficient. In 
rooms where cheeses are fermented and ripened, the temperature 
must be completely under control. Especially in the warm summer 
months, this demands a rather considerable cooling capacity. 

If cheese could always be sold to consumers when it is ripe, the 
problem would be simple. This is seldom possible because the 
production of cheese is subject to great seasonal fluctuation, while 
consumption is rather constant the year round. To arrest the ripen- 
ing process it is necessary at a certain time to counteract it by cooling. 
Ripening cannot be stopped completely; it can only be checked. 

A storage temperature of about 0° C. is generally preferred for 
fully ripened cheese. ‘This temperature is preferred because the 
moisture freezes in the cheese if it is exposed to lower temperatures. 
There is some disagreement about the freezing point of cheese. In 
his Fundamentals of Dairy Science, L. A. Rogers gives the following 
freezing points for several varieties of cheese: 


Variety of cheese Freezing point 
COUARE 74 a —1.2° C. 
American (processed) —6.9° C. 
Swiss (domestic) —10.0° C. 
Cheddar . —12.9° i. 
Roquefort | = ABS C 


Great variations in the freezing point of cheeses of the same type 
are explained by Rogers in the following way. The moisture content 
of a cheese does not vary markedly with ripening. Since the freezing 
point decreases with curing, it seems evident that water must be 
removed from its role as solvent, probably by combination with the 
proteins of the cheese. This has not yet been investigated, but it 
does mean that a statement of the freezing point of a cheese without 
stating its age is of no great value. The freezing points of 15 dif- 
ferent Cheddar cheeses ranges from —4.3° to —14.3° C. 

Storage of cheese at —10° C. results in shattering the body of the 
cheese, owing to loosening the original curd particles from. their 
cohesion. This effect is not so marked with cheese matured at 7° to 
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10° C. for 160 days before being transferred to freezing temperatures, 
Frozen cheese also has a soapy, insipid, and somewhat tallowy flavor. 
Holding the cheese at 7° to 10° G. for two months after removal 
from storage at —10° C. improves both the texture and the flavor, 
but does not completely remove the objectionable features, 

Cheddar cheese was cut into small portions (9 by 9 by 2.5 cm.), 
which were wrapped in tin or aluminum foil, and were cooled from 
4° to —16° C. in 60 minutes by a blast of cold air at —25° C. The 
quality of the “fast frozen” cheese was not injured and could be 
kept in frozen storage for several weeks without visible deterioration. 
The “fast-freezing” process does not shatter the cheese structure as 
slow freezing does. 

In a study on low-temperature storage of 3,500 samples of Herre- 
gaard, Svecia, and Gouda cheeses held at 2° C., compared with the 
usual storage temperature of 15° to 14° C., it was found that the 
age of the cheese when stored is of considerable importance. If too 
young cheese, for example two-month-old Herregaard, is placed in 
cold. storage after six-months’ storage it scarcely reaches optimum 
quality, while the low-temperature storage of somewhat older cheese 
raises the grade above the maximum for normal temperature storage. 
However, Svecia cheese stored at the age of six wecks is the best 
quality for low-temperature storage. Protein decomposition is_re- 
tarded by low-temperature storage, but nothing in this investigation 
indicates that the decomposition proceeds in any abnormal manner 
during low-temperature storage. Cheeses stored at a low temperature 
were not criticized more or in a different way than those stored at 
normal temperature. Low-temperature storage seems to prevent the 
formation of volatile acids, without having any influence on the 
grade, and raising the storage temperature does not start the process 
over again. 

The age of the cheese when placed in storage should be decided 
according to the intended length of storage period. ‘The examples 
given here concern six-months’ storage. However, provided the cheese 
is neither too young nor too old, only a fairly rough estimate is 
required; the most suitable age for six-months’ storage is between two 
and three months. When the cheese is stored at such an age as to 
be fully ripened on removal, it follows naturally that it becomes over- 
ripe if kept for any length of time at normal temperatures. 

In these tests the cheeses were piled in various ways in order to 
determine the influence this had on the rind and the paraffin coating 
of the cheese, and to learn how this affected the capacity of the 
storage. By removing every other shelf and placing the cheeses on 
their edges, the capacity of the store was increased by 67 percent. 
The cheeses had to be turned often, but cracks still appeared on the 
rinds. 
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These experiments show that cheese which has reached a certain 
age can be stored with advantage for several months at temperatures 
of about 0° C. The proper age of the cheese to be cold stored should 
be decided, firstly, according to the temperature of the cold storage, 
secondly, how long it will be there, and thirdly, how long it will be 
from the time the cheese is removed from cold storage until it is 
eaten, 

The usual storage temperature for cheese is 0° C., but it should 
be possible to use considerably lower temperatures. The temperature 
must not be so low that the moisture of the cheese freezes and dam- 
ages the consistency of the cheese. The lower the temperature 
employed, the more decomposition is retarded. “The point 1s, then, 
whether the value of this retardation is equal to the expense of the 
increased cooling. 

Instead of removing every other shelf in the cold storage, a better 
method is to remove all the shelves and store the cheese in boxes 
ready for shipping. “This method permits the turning of the cheeses, 
if necessary, by turning the boxes, and it increases the capacity ol 
the storeroom by 200 percent. 


CHILLED AND FROZEN LEAN FISH 
Chilling 


Fish is chilled to keep it as fresh as possible without freezing. 
Changes in the quality of freshly caught fish are chiefly caused by 
autolysis and growth of bacteria. One of the first changes depends 
upon the conversion of glycogen to lactic acid: the fish becomes stifl 
and enters the condition called rigor mortis. Fish caught with line 
and in nets normally remain in this condition until they are nearly 
stale by the action of bacteria, the chief reason for spoilage. In fish 
caught by trawlers, rigor may not last nearly as long. 

The changes in fish which eventually result in spoilage may be 
judged by appearance, firmness, and odor. As spoilage advances, 
the eyes become dull, the gills brownish, the flesh soft, the fresh sea 
odor is lost, and a stale fishy odor replaces it. But these subjective 
judgments are uncertain. More exact and objective methods are 
desirable. Such methods are, for example, bacterial counts and the 
determination of volatile N-bases, as ammonia and trimethylamine. 
Bacterial counts are the most reliable, but the chemical methods 
give results faster and with much less work. 
Canadian, British, and other 
of trimethylamine gives 


Numerous tests by 
workers have shown that the content 
an especially good measure of the freshness 


“Based on a paper presented by O. Notevarp. 
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ol many marine fishes such 
as cod, haddock, flounder, 
halibut, and herring. 


& 


Bact (oerob ) 
Trimethylamine 


Figure 55 shows mean 
values for bacterial counts, 
ammonia-N and — trimethy- 
lamine-N, in Norwegian cod 
stored at 0° C. Growth ol 
bacteria is very rapid from 
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the fifth or sixth day, and 
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the trimethylamine-content 
increases all the time, with 





a Very sharp increase from . 024 6 8 10 12 4 % 18 20 
: DAYS AT. O°C 
the tenth to the twelfth dav. 
Ammonia-N~ decreases. the Figure 35. Mean values for bacterial 


counts and volatile nitrogen in cod 


first four to five davs and is a 
d stored at 0° C. 


not as good a criterion ot 

lreshness as trimethylamine-N. Cod of good quality should not 
contain more than about 10 mg. trimethylamine-N per 100 g. The 
curves indicate that the rate ol spoilage increases very fast after a 
certain storage time. The falling-off after about 12 days of the 
curve for bacterial counts is caused by increased death rate of bac- 
teria. The rate of formation of volatile bases increases until the fish 
is putrid. 

The rate of spoilage depends very much on temperature. Figure 
36 demonstrates how fast fish spoil at different temperatures. ‘The 
marks for quality are about proportional to the logarithm of the 
bacterial counts or to the content of trimethylamine. ‘The effect of 
temperature is chiefly based on experiments, but has also been cal- 
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Figure 36. Decrease in quality of fresh fish at different tem- 
peratures. 


culated according to the fact that lowering the storage temperature 
6° to 7° GC. has the effect of reducing the rate of spoilage by about 
50 percent. ‘The dotted curves demonstrate spoilage at 0° C. after 
storage at a higher temperature. Fish that can be kept I4 days at 
0° C. can be kept only 414 days at +10° C., and 114 days at 20° C. 
The higher rate of spoilage at higher temperatures is effective from 
the moment the fish is killed, and storage of fish at a certain tempera- 
ture always reduces its “storage life” at another. As an example, 
freshly caught fish stored at 20° C. for 16 to 18 hours keep only halt 
as long at 0° C. as fish chilled to 0° C. immediately after they are 
caught. 

As to the commercial handling of fish, Figure 37 shows the rise 
of temperature in fish which are landed, taken out of the ice, and 
sold in the market. ‘The storage life at 0° C. is probably reduced 
two or three days by this kind of treatment. 

Different species of fish have different keeping qualities. Cod, 
haddock, Norwegian winter herring, and flounder keep 12 to 15 days 
in good condition when cooled to 0° C. immediately after they are 
caught and stored at this temperature. Halibut, salmon, and some 
other species can be kept 18 to 20 days at 0° C. 

Fish are usually chilled by ice, of which huge amounts are used 
aboard fishing craft and in fishing ports. By direct contact with liberal 
amounts of ice the fish are chilled rapidly, usually to about 0° C. 
within 12 to 24 hours, depending on the size of the fish and _ its 
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Figure 37. Average temperature of fish during time on wharf, in transit 
and in market. (Courtesy of Torrey Research Station) 
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original temperature. Chilling can be done faster with circulating 
brine of 0° to —2° C., but this method is more complicated and not 
in common use. Air-cooling in different ways has been tried without 
success. It does not chill the fish as fast as ice, and tends to dry the 
surface of the fish. Fish, packed in boxes, are cooled and kept moist 
by liberal amounts of ice during storage and distribution. The 
amount of ice should be sufficient to last until the fish reach the 
retailer, for the ice is a cold reserve when the boxes are exposed to 
higher temperatures during transport and distribution. 

For the storing and transport of fresh fish over longer distances, 
ship holds are normally kept at about 0° to —2° C. by mechanical 
refrigeration, while railway cars are mostly cooled by ice, an ice-and- 
salt mixture, or just insulated. In good insulated cars, the cooling 
capacity of ice already on the fish is considered to be sufficient to keep 
the fish near 0° C, for a couple of days. For transport to more dis- 
tant markets, extra ice can be placed around and over the cases. 
Most fishing craft use ice in liberal amounts to keep the fish cool 
during fishing and transport to the market; very few have mechanical 
refrigeration. 

Fresh fish on sale in retail markets of Europe often seem to be 
insufhciently chilled. They are often displayed without any ice or 
refrigeration at all, and may deteriorate as much in a day in the 
retailer’s shop as they do in a week at 0° C. Improved quality can 
be achieved to a great extent if the retailer uses sufficient ice or refrig- 
erated storage. 

Ordinary round and eviscerated fresh fish are the most important 
chilled fish products, but fresh fillets are being used more and more. 
Fresh fillets are usually packed between layers of moisture-resistant 
paper, with ice in the bottom and on the top of the cases. 

Some other fishery products, such as salted fish, klipfish, matjes 
herring, and smoked herring, are also chilled and stored at tempera- 
tures between +4° and —5° GC. In this way they can be kept in good 
condition many times longer than at ordinary temperatures. 


Freezing 

Freezing prevents the processes which are the main cause for 
spoilage. A frozen fish can be kept in good condition for a long time 
at proper temperatures, but freezing and the subsequent storage may 
cause other changes which are undesirable, and may make the fish 
less palatable than the fresh product. These changes may be due 
to the raw material, the pretreatment, the freezing methods, or the 
storage conditions. It is the aim of modern research and refrigeration 
to find the principal causes for these changes, and to reduce them 
to the minimum. 
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The most important changes in lean fish result in a drier and 
more fibrous product, which loses some of its juice when it is thawed 
and subjected to moderate pressure. ‘The cause seems to be denatura 
tion of the proteins, which lose their ability to swell and absorb the 
muscle juice and to return to their original condition. Other changes, 
such as dehydration and oxidation, seem to be of less importance fo1 
lean fish, and may be prevented by moisture-vapor-proof packages and 
by glazing. The freezing rate was originally supposed to have the 
ereatest influence on the loss of juice and denaturation. ‘This was 
explained by the fact that the ice crystals formed by slow freezing 
were much larger than those formed by quick freezing. “he larger 
ice crystals was said to rupture the cell walls and cause the loss ol 
juice. Since then, it has been shown that this mechanical explana- 
tion is insufficient: colloidal changes in the proteins seem to be the 
principal cause for loss of juice and fibrous consistency. It also has 
been shown that the storage temperature has by far the greatest 
effect on maintaining the quality of frozen fish. Besides this, the 
freshness of the raw material has a considerable influence on the 
quality after freezing and the keeping properties in storage. Proot 
of this has been demonstrated by experiments made in 1937-58 at 
the Norwegian Fishery Research Station in Bergen. 


PABLE 6.—GRADING SYSTEM FOR FROZEN Fistt 


Grade | ‘Taste Grade Consistency 

| Excellent, as fresh | Excellent, as fresh 

2 Good, but not quite as fresh 2 Good, a little dry 

5 Fair, definitely not as fresh | 5 Fair, definitely dry 
ee i | 

{ | Poor, fitness as food doubtful | | loo dry, fitness for use doubt- 
| | | ful 

5 | Very poor, untit as fresh fish 5 Very dry and fibrous, unfit as 
food 


It is important to prove that there is some reliable correlation 
between sensory judgments of the quality of fish and the objective 
testing me aay , st promising or 
H g methods found to be most promising. Organoleptic examina- 
1C S TATA « > © a ~ * . > a > = 7 L is ong 
: ms were made according to the scheme illustrated in Table 6: at 
least three persons gave their marks independently of each other. 
This scheme was worked out in 1948 and there may be others now 
which are better jective testing me , d aia 

ter. As objective testing methods, determination of! 
the amount of free “drip” 


: by thawing and of the amount of juice 
expressed by applying | 


a pressure of 0.75 ke cm? on the thawed fish 
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Figure 38. The relationship between “fresh water” and taste 


plus texture, 


for two hours were used. Figure 38 shows how the sensory-judged 
quality marks agreed with the amount of drip plus press juice for 
frozen fish from raw material of different freshness. 

On the basis of these determinations, results were obtained which 
are summarized in Figure 39. The different freezing times used, 15 
minutes to 8 hours for fillets of 4 cm. thickness (freezing rate alte: 
Plank 8 to 0.25 cm/hr), had very little influence on the quality. “The 
storage temperatures, —20° and —9° C. much more importantly 
affected the quality of the fish after storage for one month or more, 
The freshness of the fish had a greater influence on the quality ol 
the frozen product than had the freezing rates used. However, very 
slow freezing, 26 hours (or 0.077 cm hr), resulted in a product 
definitely inferior to samples frozen in cight hours or faster. 

High storage temperatures were used in these experiments. An 
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other series of cod were frozen on higher freezing rates, and stored 
at lower temperatures. Ice crystals were measured and microphoto- 
aphs made of the fresh and frozen samples. 

Figures 40 to 46 (see pages 122-123) show the effect ol the rate of 
freezing on the texture of the fish muscle. Larger ice crystals are 
formed at the slower freezing rates. 

Figure 47 (see page 124) illustrates the measured lengths of the ice 
crystals, immediately after freezing and after five-months’ storage at 
—20° ©. The faint drawn lines indicate the distribution of the 
measured values. The increase in length of crystals during storage is 
about proportional to the initial length. 

The effect of these very different freezing rates and of the size of 
ice crystals upon the quality of the frozen product was not very pro- 
nounced. Figures 48 to 51 (see page 125) illustrate the results of the 
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quality tests: Freezing causes some changes in “drip” and “press” in 
all samples, but the differences in the subjective tests judged by con- 
sistency and the amounts of drip and press juices are very small and 
varying. ‘The differences are, in fact, astonishingly small considering 
that the fastest freezing rate was more than 800 times faster than the 
slowest. ‘The size (volume) of ice crystals varies about as 1:200. ‘Tests 
after storage give about the same picture. 

These experiments confirm the findings of many other workers, who 
also have found that the freezing rate and the size of the ice crystals 
are of minor importance in relation to the quality of the frozen fish 
when freezing is reasonably rapid. Earlier experiments carried out 
in the Norwegian Fishery Research Station show that the freezing 
rate should not be less than about 0.3 0.25 cm/hr, that is, the 
freezing time should not be more than eight hours for 4 to 5 cm. 
thickness. It is evident, then, that the rate of freezing within this 
limit causes a small but insignificant reduction in the quality of 
frozen lean fish as compared with the effect of freshness of the fish 
being frozen. 

On the other hand, much information has been gathered which 
shows that the storage temperature is of decisive importance in the 
preservation of the quality of frozen fish. Figure 52 (see page 126) 
illustrates, for instance, how the rate of denaturation of proteins is 
reduced when the temperature is low. Storage experiments have 
shown a much better conservation of quality at —28° C. than at 
—20° C. It has also been shown that when stored for nine months 
at —50° and —65° C. cod and saith fillets changed little in quality. 
It is evident that all processes which change the quality of frozen fish 
are retarded by lower temperatures, and the rate of deterioration 
seems to be reduced to about half when the temperature is lowered 
6° to 7° C. Based on numerous tests, curves, as shown in Figure 53 
(see page 126), may be drawn to indicate the storage limit for frozen 
fish at different temperatures. Such limits depend upon many circum- 
stances, including the strictness of quality claims. “They will be differ- 
ent for different countries and for different districts and markets in 
the same country. They also depend upon the kind of fish frozen 
and upon the quality of the fish when frozen, ‘The curves indicate, 
however, which temperatures are necessary for a given storage period, 
and they may be used to judge how long frozen fish can be kept at 
one temperature when the keeping quality is known at another, 

The storage life of fatty fish such as herring is supposed to be a 
little shorter than that of lean fish, because of the development ol 
rancidity. Also, the storage temperatures indicated are much lower 
than are commonly used for frozen fish in European cold storages. 
Minus 22° C. is required for storing lean fish up to six months from 
the time it is frozen, and —28° C. for 12 months. 
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Practical Freezing Problems 


Fish may be frozen in the round, gutted, eviscerated and headed, 
or as fillets. Herring, mackerel, halibut, and flounder are usually 
frozen round in Europe, while cod, haddock, and saith are for the 
most part filleted, but to some extent frozen round. Most of the fish 
fillets produced in Europe are made from cod. 

The bulk of the fish used for frozen fillets in Iceland, Norway, and 
Denmark are freshly caught cod, delivered to the plants the same 
day as caught. To some extent fish a couple of days old delivered 
from trawlers may be used, or the fish may be transported to the 
freezing plants from the small fishing harbors where it is landed. 
In this case, it is packed in boxes with ice in the same way as fresh 
fish, so as to conserve the quality and to avoid bruises. 

The filleting of fish is usually done by hand, but machines are used 
to some extent. The best-known and best-developed filleting machine 
is that of Atlantic Coast Fisheries in Boston, Massachusetts, U.S.A. It 
has a capacity of about 20 to 25 metric tons of fillets an eight-hour day. 
Filleting machines made before the war by the Germans have been 
used in Norway, but they have not been very effective and reliable. 
Other filleting machines for cod are under test and construction. 

Fillets may be produced with or without the belly flaps, skinned 
or not skinned. ‘The skinning of fillets in Norway is mostly done 
by machines. After skinning and washing, the fillets may be “brined,” 
e.g., dipped for a short time in a solution of ordinary salt or other 
chemicals. Brining swells the surface somewhat, and helps to prevent 
drip when the frozen fillets are thawed. Fillets are usually wrapped 
in cellophane or waxed paper and placed in cartons before they 
are frozen. j 

For the freezing of fillets, freezers of the multiplate type are per- 
haps most used in Europe, but 
freezing tunnels and sharp- 

oe freezers are also used, some of 

es a them fitted with finned metal 

plates to improve the trans- 

mission of heat to the air. Air- 

blast freezing of fillets is more 

developed and used in North 
America than in Europe. 


oa LENGTH OF ICE CRYSTAL 


For freezing round and eut- 
ted fish, sharp-freezers, blast- 
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Figure 47. Relationship between most common. Sharp-freezers 
rate of freezing and length of ice are still much used in North 
crystals formed. America. For herring the Ne- 
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Figure 50. Effect of rate of 
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Figure 51. Effect of rate of 
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colay Dahl brine-freezing meth 
od is much used in Norway. 
This direct immersion method 
provides fast freezing, but has 
the disadvantage of direct con- 
tact with the brine. Most of 
the herring frozen by this meth- 
od are used for bait. “The freez- 
ing process should include cool- 
ing the fish to the required stor- 
age temperature. When the 
frozen product is packed and 
piled up, it takes a very long 
time to get it down to the stor- 
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Figure 52.  Denaturation of pro- 


tein of fish during storage at —2° 


so 0°. anid —20" CG. (Cotr- is ‘ties 
tesy of D. B. Finn) age temperature, if this has not 


been accomplished in_ the 
freezer. 

Very low temperatures are 
also necessary for the trans- LEAN FISH 
port and distribution — of 
frozen fish and fish fillets. 
Refrigerated ships, cars, and 
trucks must be used, and 
cold stores with sufficiently 
low temperatures must be 
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avallable near the market. Se. 6, 32 014 (bea a oe 
Retailers should also have STORAGE SL IMAT 

freezing cabinets where they Figure 53. Storage limit for frozen fish 
can store the frozen fish at at various temperatures. 


proper temperatures, 

These last links in the refrigeration chain are often lacking in 
Europe, and the distribution of frozen fish cannot be satisfactory with- 
out them. 

The production of frozen fish has developed greatly in some coun- 
tries since 1939. Table 7 shows approximate data for Iceland, New- 
foundland, Norway, and the United States of America. High pro- 
duction in countries outside the United States may be a result of the 
great demand for food during and after World War IL, but much 
of the frozen fish is not as good as it ought to be, and distribution 
in Europe does not seem to be quite satisfactory. 

Frozen fish, and especially frozen fish fillets, may, however, be 
produced and conserved in a quality that compares very well with the 
best fresh product, and is far superior to the big quantities of 


more 
or less stale “fresh” fish which is available. 


If the fish are produced, 
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™ — a . . 
PABLE 7.—PRODUCTION OF FROZEN Fistt AND Fist Pintaers iN SeLeerep COUNTRIES, 
1932 to 1947 


Country 1932 1939 1948 1946 1947 

o ; tie A cee tn Le OUSANOLEIELTICN ONS... =...) 
iceland 7.3.5 er 0.3 29 15.0 $5.0 85.0! 
Newfoundland §.2 5.5 15.0° 7.5 
Norway .... 6.0 11.0 80.0! 29.0 31.0 
United States of America 12.0 83.0 112.0 120.0 115,0° 


‘ Approximate 

* Exports, fillets 

' Mostly herring 

stored and distributed properly, frozen fish have possibilities of being 
one of the finest and most-used fish products in times of normal 
demand. 


CHILLED AND FROZEN FATTY FISH 


Rancidity in Frozen Herring 

Herring, which are extremely perishable, can be kept in first class 
condition by chilling with ice for only about 36 hours, and then only 
if large quantities of ice are used. As a result, with commercial 
chilling, much of the supply of herring reaches the consumer in 
poor condition. Some areas receive only small supplies and other 
none at all. Some fishing grounds, particularly those in the north, 
cannot be heavily fished because of their distance from the large 
consuming centers in the south, and there is the difficulty of sending 
herring there by rail so as to arrive in satisfactory condition. 

British herring are at their best during the summer and autumn, 
The small quantities caught during the winter and spring are tor the 
most part lean and of poor quality. In the past, heavy salting was 
used to carry over the abundant summer and autumn supplies to 
winter and spring, but salt-cured herring are no longer acceptable 
in Britain. The lack of an acceptable method of preservation reduces 
the present demand for herring by halt. 

Freezing and cold storage offers the best solution to these problems. 
Frozen herring can be transported over long distances in better con- 
dition than herring stowed in ice, and it may be at a cheaper rate. 
They can be stored at low temperatures and stocks can be built up 





‘Based on a paper presented by A. Banks. The work described in this paper 
was carried out by the Ministry of Food as part of the program of the Food Invest 
gation Organization of the Department of Scientific and Industrial Research of 
Great Britain. The British Institute of Refrigeration. Session 1044-45, 
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during the summer and autumn for distribution during winter and 
spring. Many difficulties have to be considered, however. 

The standards laid down on different occasions in Britain for the 
proper preservation by freezing of whitefish, cod, haddock, etc., apply 
equally well to herring. More than 50 percent of the United King: 
dom’s home supplies of these fish are kippered, ie., lightly brined, 
dried and smoked, and since kippering shows up the effect of poor 
conditions of freezing and cold storage, it is essential that only the 
best methods be employed for herring. 

Herring are caught during summer and autumn, for the most part, 
on three widely separated fishing grounds, off the Shetland Islands, 
in the Moray Firth, and off the East Anglian Coast. Fish are caught 
on the Shetland grounds and in the Moray Firth during June, July, 
and August, and off the East Anglian coast during October, Novem- 
ber, and part of December. It is very doubtful that a central herring 
freezing factory can be established and operated satisfactorily. Per- 
manent land establishments at the various ports may be uneconomical 
if they are operated for only a few months each year. It seems, there- 
lore, that a transportable plant, possibly ship-borne, will be required 
to deal adequately and economically with herring catches. 

Herring are being frozen in Britain by the air-blast and multiplate 
processes. Both of these processes, however, require considerable 
labor for satisfactory operation, and it is unlikely that they would be 
suitable for transportable plant. Research is being devoted to 
freezing these fish by more simple means. 

Previous large scale commercial trials employed brine freezing on 
board a factory ship with disappointing results. The major difficulty’ 
was the development of rancidity in the herring during subsequent 
cold storage. This problem has been included in the research pro- 
gram of the Food Investigation Organization of the British Depart- 
ment of Scientific and Industrial Research since early days, and ways 
of preventing rancidity in frozen herring have now been worked out. 


Fundamental Characteristics of Herring Oil 


Rancidity is caused by oxidation of some of the fat components, 
The reaction is spontaneous, but varies considerably in different fats; 
some are very stable in the presence of oxygen or air, others, are not. 
Fish oils, including herring oil, are classified and used as drying oils— 
they are fatty oils which oxidize easily when exposed to air. The 
oxidation of herring fat at low temperatures, producing oily flavors, 
is one of the difficulties of preserving herring for short periods by 
icing. 

The oxidation of fats includes a number of complicated reactions, 
the first of which is the formation of a peroxide. Fat peroxides are 


128 


very reactive substances which can be quantitatively estimated by 
simple chemical means. Peroxide values are usually expressed as 
the number of cubic centimeters of standard thiosulphate solution 
equivalent to a weight of fat. The higher the peroxide value, the 
greater the oxidation. Peroxide values illustrate the oxidation of 
fats and the development of rancidity in fatty foods. They can be 
roughly correlated with change of flavor, but it is always wise to 
include sensory tests as well. Like most chemical reactions, the rate 
of oxidation of fats is affected by temperature — the lower the tem- 
perature the less the oxidation. Figure 54 shows the rate of oxida- 
tion of herring oil exposed to air in layers about | mm. thick at 
oy ee LO ae Oe and —25° C. 

Untortunately, in this test, some oxidation had occurred during 
the extraction of the oil before the test was started. Nevertheless, 
the test shows clearly the effect of lowering the temperature on the 
rate of oxidation of herring oil. At —5° C. the formation of peroxide 
reaches its maximum rate after 45 days and at —10° C. after about 
100 days. It is doubtful if the maximum rate was reached at the 
two lower temperatures before the end of the experiment. ‘Taking 
into account the oxidation before the test began, it appears that little 
oxidation and little rancidity should occur in frozen herring during 
storage at —28° C. 


The Effect of Catalysts 


The oxidation of fats is affected by a number of substances: some 
are pro-oxidants, which accelerate oxidation, other are antioxidants, 
which retard oxidation. Pro-oxidants include derivatives of the heavy 
metals, cobalt, manganese, lead, copper, and iron. Such metals may 
cause trouble if used in industries handling fatty foods. Initial tests 
with herring suggest that a pro-oxidant is present in these fish. Figure 
55 shows the development of peroxides in herring stored at —20° C, 
and —28° C. after being frozen and treated in different ways. 

There is a considerable difference between the rate of oxidation 
of brine-frozen and air-frozen herring, and likewise between glazed 
and unglazed herring. ‘The difference between brine-frozen and air- 
frozen herring can only be explained by postulating the presence of a 
pro-oxidant in herring, which is activated in some way by the salt, 
which itself influences the oxidation of pure herring oil. Further 
tests to identify this pro-oxidant have shown that it is of biological 
origin, or at least is susceptible to heating. Figure 56 shows the 
oxidation of herring oil at —10° C. when emulsified with the flesh of 
lean herring (containing less than 2.5 percent fat) under different 
conditions, 

It is clear that oxidation is much more marked when herring oil 
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is mixed with fresh herring flesh than if it is mixed with cooked o1 
heated flesh, and that oxidation under the latter condition is more 
rapid than the oxidation of herring oil emulsified with pure water. 
Furcher tests have shown that this fat pro-oxidation is concentrated 
in the colored muscle which runs parallel to the lateral line of the 
herring. It is now known that the colored components of this muscle 
— cytochrome, hemoglobin, and similar bodies — are responsible 
for the observed catalytic effect. Therefore, herring fat, despite its 
low rate of oxidation at —28° C. when pure, is especially prone to 
oxidation in herring and, therefore, to the development of rancidity, 
because it is in close contact with the lateral band of pigmented 
muscle. 


The Effect of Common Salt 


Reference has already been made to the fact that herring frozen in 
sodium chloride brine becomes rancid during cold storage more 
quickly than herring frozen in air. Figure 57 shows the effect of salt 
on the oxidation of herring oil emulsified with herring flesh and held 
at —10° C. It is clear that the added salt enhances the effect ol 
the pro-oxidants of herring flesh. Salt itself is not a pro-oxidant in 
the usually accepted sense, nor does it apparently affect the action ol 
hemoglobin, cytochrome, and similar substances in liquid or un- 
saturated fatty acids at ordinary temperatures. It scems likely that 
the effect of salt on frozen herring is physical. Not all the water ts 
frozen when herring are reduced to —30° C. and the presence ol 
extra salt in the tissues increases the quantity of liquid still unfrozen 
at —20° and —30° C., thereby increasing the surfaces available for 
catalytic oxidation. This theory is supported, to some extent, by 
the fact that rancidity develops initially in brine-frozen herring in 
isolated centers within the colored strip of muscle. 


The Effect of Glazing 


Experience gained during the war with the storage of dehydrated 
fatty foods has been that exclusion of air is the simplest and most 
effective method for preventing rancidity. Figure 58 compares the 
rate of oxidation of herring oil exposed to air at —2.5° C. in layers 
1 mm. thick with that of herring oil covered with a 1 mm. thick layer 
of ice and exposed to air at —2.5° C. Oxidation of the “olazed” oil 
is much less than that of the “unglazed” oil. This agrees with 
numerous tests on frozen herring. Glazed herring always keeps better 
during cold storage than those stored without a glaze. Even brine- 
frozen herring store well at —30° C. if the adhering brine is washed 
off, and if the superficial layers are then cooled and elazed. 
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The Effect of Drying 

Drying may be extensive during cold storage, and this has an 
adverse effect on the flavor of fatty fish. It is easy to see how drying 
promotes the development of rancidity. As the skin of the fish dries, 
it becomes porous, thus allowing free access of oxygen to the under- 
lying fat. Glazing delays this process. . 

During commercial trials on the freezing and cold storage of 
herring, a study was made of the effect of drying on the development 
of peroxides in the fat of frozen herring. For freezing, the herring 
were arranged in freezing trays in a single layer and in a regular 
manner with tails interlocking in the center. Fish were frozen by 
both the air-blast and the multiplate processes. The air-blast frozen 
herring were glazed and packed in wooden boxes, each holding six 
blocks (19 kg.), without wrappers. The multiplate frozen herring 
were wrapped in waxed paper before freezing and packed in fiber- 
board cartons, also holding 6 blocks (19 kg). All the fish were stored 
at a temperature of about —29° C. in an air-cooled store. 

The herring were examined after six-months’ storage. Losses of 
weight of individual blocks of fish were determined. Fish in ex posed 
positions in the package dried the most: the top block of a package 
of air-blast frozen herring lost 3.3 percent, while the center block 
of the same package lost only 0.7 percent. To examine the effect 
of drying, a top block and a center block from a package of air-blast 
frozen herring and from a_ package of multiplate frozen herring 
were each broken up into four samples. The first sample from each 
block consisted of the four herring which formed the edge of the 
block; the second, the four adjacent to those in the block; the third, 
the four fish adjacent to the second sample, and the fourth, the four 
herring at the center of the block. Table 8 shows results of the tests. 

It is clear from this table that where drying is greatest, in the top 
block of a package or at the edge of a block, peroxide development is 
highest. The general level of peroxides in the top block of a box 
of air-blast frozen herring (loss of weight 3.3. percent) was higher 
(5 to 15.7) than that of peroxide (0.7 to 2.8) in the center block (loss 
of weight 0.7 percent). The peroxide value of herring at the edge 
of a block was always higher than that of the remainder of the 
herring, showing that the herring protect each other when frozen 
in the type of block employed. No comparison is made between the 
air-blast and the multiplate frozen herring because conditions of 
packaging and storage were not identical. 


Conclusions 


As a result of many experiments, it appears that the temperatures 
recommended for the storage of whitefish (—20° to —30° C.) are 
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PABLE 8.—Loss OF WEIGHT OF AND DEVELOPMENT OF RANCIDITY IN HERRING 
COMMERCIALLY FROZEN IN 3-KILOGRAM BLOCKS AND STORED AT 
AsouT —29° C. ror 6 MONTHS 





Method of Percent Position of Position of sample of Peroxide 

freezing loss | block in herring in block value 
during container 
| storage 
erie at Q £ 
Air blast 353 Lop (1) 4 outside herring (edge) 15.7 
block ‘ : : 
: (2) 4 herring adjacent to (1) 1.8 
(3) 4 herring adjacent to (2) 5.7 
(4) 4 center herring 5A 
Air blast | 0.74 Center (1) 4 outside herring (edge) 2.3 
| block (2) 4 herring adjacent to (1) [ee 
(3) 4 herring adjacent to (2) Lz 
(4) 4 center herring 0.7 
- | e : : - 
Multi- | 1.5 Lop (1) 4 outside herring (edge) 7.0 
plate F : : ‘ 

plate | block (2) 4 herring adjacent to (1) 2.1 
(5) 4 herring adjacent to (2) 1.3 
(4) 4 center herring Cas 
Multi- | 0.9 Center (1) 4 outside herring (edge) 6.2 
plate block (2) 4 herring adjacent to (1) 0.3 
(3) 4 herring adjacent to (2) 0.5 
(4) 4 center herring 1.8 


also suitable for herring. However, because the human palate is 
more sensitive to changes in the flavor of fats than to changes in the 
texture and flavor of whitefish, the storage life of herring for ideal 
preservation is slightly less than that of cod and haddock, three 
months as against four months at —20° C. and six as against eight 
months at —30° C. 

Because British herring are so perishable, they must be frozen 
within 24 hours of catching. Otherwise, there is danger of the belly 
walls becoming damaged and of stale flavors developing during 
subsequent cold storage. 

Herring must not be treated with salt or brine betore freezing. 
Brine-freezing may be used, but the frozen herring must then be 
carefully washed and glazed before storage. 

Glazing appears to be the simplest way of preventing rancidity 
during cold storage. Drying during cold storage can, however, ad- 
versely affect even glazed herring. Glazing may not be the complete 
answer to the problem of desiccation, but neither is the procedure 
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of wrapping in protective materials. Drying is by and large an 
engineering problem and should be approached from this angle. 

The broad principles of the preservation ol herring by freezing 
and cold storage laid down as a result of laboratory trials have been 
confirmed by pilot scale trials carried out by the Ministry of Food and 
the Torry Research Station during the war. The freezing procedure 
has already been described (page 127); the subsequent storage tests 
confirmed these conclusions. 


FROZEN SHELLFISH’ 


The material in this chapter is based largely on experience in the 
Netherlands, and will serve to illustrate some of the problems 
encountered in preserving shellfish by freezing. 


Shrimp 


In the shallow waters along the Dutch coast, especially Zeeland and 
Friesland, there is an extensive fishery for shrimp. Shrimp are boiled 
on board immediately after catching (the concentration of salt used 
depending on future use). After landing, they are peeled by hand. 

Freshly boiled, lightly salted, and peeled shrimp when quick frozen 
keep very well for five to six months at —20° C. In the course of 
storage, toughness increases, the fresh flavor is lost, and desiccation 
takes place. This causes the shrimp to taste like dried shrimp. The 
loss of fresh flavor could be partly prevented by omitting the salting 
on board, but this is not practical because the shrimp would then have 
to be cooked with salt after thawing in order to get the desired 
taste. “The frozen product would thus differ from unfrozen shrimp 
and would not be commercially acceptable. 

Desiccation can be prevented by filling the air spaces with dilute 
salt solutions (1 to 1.5 percent); this, however, amounts to about 60 
percent of the net weight of the shrimp and tends to soak the shrimp 
when the package is defrosted. Therefore filling up the air spaces 
with a fluid can only be advised when long storage is anticipated. 


Lobsters 


Lobsters, Which are cultivated in Zeeland, have always been trans. 
ported alive, packed in seaweed. Even with ice-cooling, transport is 
difficult over great distances. But freezing live lobsters cannot solve 


‘Based on a discussion by C. J. H. van der Broek. 
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this problem as it makes the product entirely unacceptable. ‘Lhe 
changes caused by freezing are so very remarkable that the problem 
is difficult to solve. The most prominent feature in frozen lobster 
after cooking is the adherence of the flesh to the shell, which is very 
marked after one week, and increases during further storage. Even 
after very short storage periods the flesh can no longer be taken out 
of the shell in one piece, as it can from fresh lobsters after cooking. 
Apparently, the connective tissue directly under the shell contains 
a protein that is especially liable to denaturation. In the frozen state 
the flesh of the cooked lobster loosens very easily, while in unfrozen, 
cooked lobster it may adhere to the shell, depending on the biological 
state of the animal. 

The uncooked flesh of the fresh lobster is rose-red; immediately 
after freezing it is yellowish-white, but in the course of 17-weeks’ 
storage the original color returns gradually, though not entirely. 
There seems to be no explanation for this phenomenon. 


Mussels 

Mussels are fished in Zeeland between the North Sea islands and 
along the northern coast. They are not popular all over the country, 
but in Rotterdam and Zeeland consumption is of some importance. A 
great part of the catch is exported to Belgium. Since mussels are a 
cheap product, they are cooked and taken out of the shell to decrease 
the weight to be frozen. 

Some experiments have been made with cooked mussels. Freezing 
does not affect the taste or flavor to a large extent, but protein de- 
naturation plays a very important role. By far the most prominent 
alteration is that of the mantle, which becomes mealy and falls to 
pieces, making frozen, cooked mussels rather unacceptable. However, 
some samples sent to customers were received very favorably because ol 
the excellent taste and flavor. The alteration caused by freezing is so 
ereat that the difference between high and low freezing velocity and 
between high and low storage temperatures played an unimportant 
role. Slow freezing was advised in cases where no other methods were 
available, and very low storage temperatures, were not advocated. 


Oysters 

Oysters are one of the chief export industries of Zeeland. ‘They are 
considered to be of superior quality, and are exclusively consumed 
raw, served in the shell. 

Freezing in the shell produces a very poor product, as has been 
shown with another kind of oyster in North America. ‘Taken out of 
the shell and quick frozen in small packages of 12 oysters in a waxed 
carton, a relatively good product was obtained, which could be stored 
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for three to four months at —20° C. There is, however, a considerable 
alteration caused by freezing. The texture loses its crispness and the 
flesh becomes flabby (in this respect the oyster is the only seafood 
which resembles fruit in its freezing alterations). A little toughness 1s 
observed, but by far the most prominent is the alteration in taste. “The 
salty, metallic, and sweet tastes seem to become separately noticeable 
instead of being combined into that special taste of the fresh 
delicacy. To a connoisseur, these alterations make the frozen oyster 
unacceptable, but many ordinary customers, reasonably well ac 
quainted with oysters, judged the frozen oyster very good, and some- 
times even better than the unfrozen. This may indicate that the judg- 
ment of experts should not always be relied upon, but that consumer 
research should, in some cases, play an important role. For example, 
North American judgments, cannot be compared to those in the 
Netherlands, because in North America oysters are usually cooked be- 
fore eating. Therefore the American reports referring to a storage 
life as long as nine to twelve months at —20° C. are understandable. 

Protein denaturation is apparently the cause of the changes which 
occur when shellfish are frozen. In spite of the work that has already 
been done on the denaturation of protein by freezing, very little is 
known about the fundamental chemical processes. ‘This problem re- 
mains one of the most important in the freezing of animal tissues, 
the more so because this process seems to be the only one which has 
no equivalent—as far as it can be understood at this stage—in any 
other branch of protein chemistry or food technology. 


REFRIGERATION OF FRUITS AND VEGETABLES 
AT TEMPERATURES ABOVE FREEZING’ 


The fruit and vegetable crop has a very high monetary value, 
especially in relation to its weight. Definite figures are difficult to 
obtain for Europe, but the United States of America figure is $2,500 
million, This emphasizes the need to take care of these products. 
In spite of the big expansion of the canning, freezing, dehydration, 
and preserve industry, a substantial part of the crop is marketed 
fresh. It is probable, however, that the best way of saving the fruit 
and truck crops is through the preservation industry. All means to 
stimulate, improve, and extend this industry should be undertaken. 
es : especially true today, when nutrition research, in collaboration 
with that of the machinery and packaging j strie itely 
improved production ieee iia imc ge a Teas 

It is important to remember that only a small percentage of fresh 





*Based on a paper presented by G. Borgstrém. 
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food reaching the consumer is eaten as such. Many products bought 
fresh are cooked. Since the art of preparing foods is very deficient in 
many homes, this, in many cases, means large additional losses in 
nutritional value. 

Some figures from the United States may indicate a favorable trend 
in the better utilization of fruits and vegetables. In that country, 24 
percent of the strawberries are frozen, and 75 percent are consumed 
fresh. The corresponding figures for spinach are 49 percent canned, 17 
percent frozen, and 34 percent fresh. “his may be the answer to the 
distribution losses of these perishable products. Stull more surprising 
are the figures for peas, where 72 percent are canned, 18 percent 
frozen, and only 10 percent sold fresh to the individual consumer. 


Refrigeration 


Most of these methods rely, to some extent, on the use of refrigera- 
tion, which is expensive. When refrigeration is used, it should be so 
handled as to give effective results. 

Moreover, cold storage in long-range practice has some shortcom- 
ings. Some of the physiological disorders which occur are due to the 
influence of volatiles being produced and accumulating in the storage 
air. Others are more directly due to the low temperature. For some 
products, there are specific temperature effects which are of vital 
importance in the practical application of cold storage. A good ex- 
ample of this is pears. 

For most pear varieties, there is a vast temperature range creating 
aberrations in the later ripening processes. For some varieties, this 
reaches right down to the immediate vicinity of 0° C. The longer 
pears are stored, the narrower is the risk zone, but the higher is the 
temperature above which normal ripening can be done. 

Only short-range storage can be provided for berries and lealy 
vegetables. Deciduous fruits, root crops, and potatoes can be stored 
longer. The general level of respiration determines to which of these 
eroups a product belongs. The intensity of respiration and the avail- 
able chemicals being consumed by respiration fix the limit for the 
keeping quality of a plant product. ‘The primary aim of cold storage 
is to put a brake on respiration, and so increase longevity. 

An important anomaly exists in the respiration of all fruits and 
many vegetables—a climacterium or manifold rise in respiration in- 
tensity. This respiration maximum coincides in apples with the de- 
velopment of the aroma and the excretion of wax. It can be induced 
by the ripening hormone of fruits, which is identical with ethylene. 
The physiological effect of this volatile is such that it can almost be 
considered to act reversely to low temperatures. It stimulates respira- 
tion and transpiration, breaks down the chlorophyll, enhances ripen- 
ing and aging, softens the tissues, and decomposes starch. 
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This also raises the question of co-storage or simultaneous storage 
of fruit at diverse ethylene-producing levels due to different stages of 
ripeness, or storage with different kinds of products, as, for instance, 
pears and/or apples with bananas, potatoes with fruits, etc. A British 
scientist observes that Cox’s Orange Pippin apples stored together with 
Worcester Pearmain apples decreased the storage life of both from 
21 weeks to 8! The production of ethylene and other volatiles also ex: 
plains the occurrence of several physiological disorders. It seems fairly 
well established that ordinary scald of apples is more frequent the 
‘arlier the apples are picked and put into cold storage. Some varieties 
are more susceptible than others. When brought to storage at the 
respiration maximum, apples are inclined to show cold-storage disease 
lenticel spots, which seem to be caused by ethylene, chiefly produced 
in the climacterium. After this period, soft scald is a more common 
disorder. 

This emphasizes the important fact that the developmental stage of 
a product, when stored, plays a vital role in its keeping quality. 
Knowledge of the most appropriate ripening stage is essential. The 
time of picking also has some influence, especially with berries, vege- 
tables, and flowers. This, presumably, is interrelated with the sugar 
content... The storage technique is important. A warm-treatment at 
18° C, for a couple of days in the middle of the third week extends the 
storage life of Victoria plums another three weeks, to a total of one and 
a half months. Methods for the practical application of these results 
are being studied. 

Respiration evolves considerable quantities of heat. One ton of 
apples produces 1,500 kgcal/24 hr. (about 6,000 B.T.U.) at a tempera- 
ture of 15° C., but at the freezing point 0° C. heat production is al- 
most ten times smaller, (about 700 B.T.U.). Raspberries have an 
even more intense respiration. This signifies that more refrigeration 
is needed to cool raspberries effectively, and that the relative effect of 
lowering the temperature of the product is less marked. Peas and 
spinach form much more heat—10,800 kgcal. per ton per day at 
16° C., and asparagus 20,000 kgcal. under the same conditions. The 
heat produced by one ton of asparagus corresponds to that emitted 
by burning 6 pounds (2.72 kg.) of coal. If this is calculated on the 
basis of the consumption of the plant’s own fuel—sugar—one ton of 
peas consumes 1.4 pounds (0.64 kg.) sugar at 25° G., but only 0.2 
pound (0.9 kg.) at 0° C. The main consequence is that a product 
brought into a refrigerated space may take a long time to cool, and 
very often it keeps a temperature above that of the storage room. It 
Is not enough to bring the products into a refrigerated space to re- 
move combustion heat. Spinach brought from the harvested field in 
the summer with leaves at a temperature of 30° C. into a cold-storagve 
room of 2° C. does not cool to the vicinity of this temperature ane 





after two and one-half days. If not brought into a cold space, the 
temperature may, in many cases, rise several degrees above that at 
harvest. 

Finely crushed ice or ice flakes packed around the products at the 
time of harvest, when packing or in the transport vehicle help to re- 
duce the temperature. The icing is then extended all the way to the 
retailer, where the products are displayed. “Uhis method has been very 
little used in Europe, but many good results are reported trom the 
United States, including extensive research findings. Icing strikingly 
reduces garbage losses of the leafy green vegetables with slow turnover 
vates. In several practical tests in the United States supermarkets, 
losses were reduced by more than half, as compared with those of 
the conventional dry display. 


The Icing Method 


For effective cooling, the icing method has been further improved 
by the construction of special machinery for spraying with constantly 
ice-cooled water. This is particularly favorable with products having 
a high heat production such as asparagus, spinach, peas, cherries, and 
young carrots. Within ten to twelve minutes the same cooling is per- 
formed as by air-cooling for ten hours in an ordinary refrigerated stor- 
age room kept at 0° C. This method is often used for precooling be- 
fore loading into refrigerator cars. Shipment can then be made im- 
mediately, saving time, ice, and switching charges. A chemical that 
inhibits mold and bacterial development is sometimes introduced into 
the cooling water to further reduce spoilage in fresh fruit and vege- 
table shipments. Sodium hypochlorite has been used for this purpose, 
and machinery equipped with an electronically-controlled automatic 
metering device has been put on the United States market. Outstand- 
ing results have been obtained by cooling asparagus, celery, peas, and 
peaches in “hydrocoolers.”” Several quaternary ammonia compounds 
seem to be suitable for sterilizing the exterior of vegetables and some 
fruits. 

Great improvement in quality can be made by removing the field 
heat of the products immediately after picking. This raises the ques- 
tion of the right time of the day for harvesting. From the restricted 
viewpoint of the temperature, picking should always take place late at 
night or early in the morning, but this rule is not altogether valid. 
The coldest part of the day often coincides with a period of heavy 
dew formation. This favors the growth of molds and bacteria, which 
most likely explains the controversial results obtained on this point. 
Effective cooling arrangements do, however, eliminate the importance 
of the picking time. But since, in many parts of Europe, growers 
lack efficient cooling resources, attention should be directed to the 
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advantage of harvesting products while they are cool. In some Cases, 
good results can be obtained by leaving the products covered in the 
field until night and bringing them to the storehouses early in the 
morning. ‘Phis is practiced at many places with apples and potatoes. 

Mention should be made of some additional methods of cooling. 
Icing implies carrying a large bulk of ice—often amounting to two- 
thirds of the total load weight. ‘This has directed attention to carbonic 
acid—or dry ice. But this chemical is rather expensive and there is 
danger of obtaining too low temperatures. On the other hand, carbon 
dioxide counteracts respiration and the development of molds. These 
effects have been used in the well-known gas storage method. In spite 
of some shortcomings, the dry-ice method has been used advantageous- 
ly in air transport, where low weight is essential. It is economically 
advisable to use dry ice only on precooled products. 

In the United States cooling of lettuce, spinach, etc., is also done 
by the evaporation of water. A portion of the surface moisture is re- 
moved when the vegetable is subjected to a vacuum. To cool 40 kg. of 
lettuce from a temperature of 24° to 0° C. it is necessary to evaporate 
only 0.16 kg. of moisture from the leaves. In commercial operation, an 
entire loaded car is placed in a vacuum tunnel and the final result is 
a temperature of —1° C. ‘This is said to require 20 to 40 minutes 
per car, depending on the original temperature. This process provides 
for packing without body-icing, which avoids ice bruising, ice burn, 
and eventual discoloration from water soaking. 


Gas Storage 

To a certain degree, storage in a carbon dioxide atmosphere can be 
considered an alternative to cold storage because of its specific effect 
in slowing down the respiration process. When tomatoes and lettuce 
are put in a carbon dioxide atmosphere of 5 percent at a temperature 
of 12° C., the result is quite as good as if these products had been 
kept all the time at 0° C. 

Carbon dioxide retards the ripening and aging of fruits and counter- 
acts the growth of spoilage fungi. Storage can be kept at a higher 
temperature without a corresponding increase in losses due to spoil- 
age. Gas storage considerably extends the storage life of apples and 
pears. Much experimentation is needed, however. to establish the 
optimum concentration for each product or even each variety. A 
lower percentage of oxygen (2.5 to 10 percent) may be apphed with 
a higher percentage of carbon dioxide (5 to 10 percent), or the method 
may be modified to decrease the oxygen content without a correspond- 
Ing Increase in the amount of carbon dioxide. This has proved most 
favorable for several apple varieties, including Cox’s Orange Pippin. 
Gas storage methods have been worked out in their fundamentals at 
the Low-Temperature Research Station at Cambridge, but many ex- 
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periments with apples and pears have been performed at the Horti- 
cultural Experiment Station, Blangstedgaard, Odense, Denmark, and 
at the private research institute of the Johnson Line, a Swedish ship- 
ping company. Successful trials have also been reported by British 
scientists with broccoli and cauliflower. Stored in an atmosphere of 
10 to Il percent of carbon dioxide, these products could be kept in 
a fresh stage tor five or six weeks, while in ordinary cases they have 
to be marketed within four to six days. 

For a good many products, the dangerous concentration limits are 
already known. Many varieties of apples and pears have been studied, 
and most demand a carbon dioxide concentration of 5 to 10 percent. 
Asparagus, cauliflower, peas, and strawberries need at least 20 per- 
cent of carbon dioxide in the atmosphere to retard respiration. 
Cherries need, according to United States investigations, 40 percent, 
and at a temperature of 10° C. such cherries have a better taste than 
those stored at 0° C. Peas stored in carbon dioxide keep 75 percent 
more of their sugar than those stored in ordinary air. 

The discovery in the United States that treatment with carbon 
dioxide has a carry-over effect, makes the method more attractive in 
practice. By treating raspberries (Latham) for five hours, and straw- 
berries (Weygate) for seven hours in an atmosphere of 45 percent 
carbon dioxide, the berries could be stored without fail for three 
days in ordinary atmosphere at 10° to 12° C. ‘This method has also 
been used before transporting cherries and apples. 

Storing trials have been made in a nitrogen atmosphere, altogether 
devoid of oxgyen. General, the results have been made because of 
definite changes occurring in the chemical metabolism of the products. 
But, according to prewar German investigations, there are some excep- 
tions, as onions, blackberries, and beans. 


Use of Germicidal Agents 

Another way of attacking the storage problem of fresh fruits and 
vegetables through the air is the addition of spec ial preservative 
vapors or gases. Ozone, ammonia, nitrogen-trichloride, and glycol 
have been tried. The latter, which is so useful against air-borne 
bacteria, is altogether ineffective against molds and mold_ spores. 
Nitrogen-trichloride has been tried in Germany before the war, 
and in the United States of America with good results. Especially 
favorable transit results have been obtained with tomatoes, onions, 
and asparagus. Ozone diminishes mold spoilage to one-halt in 
grapes, strawberries and cauliflower, but usually produces necrotic 
spots on apples. Scald has been reduced by the use ol ozone on Rhode 
Island Greening apples from a frequency of 31.2 to 3.6 percent. Am- 
monia in a concentration of 1.5 to 0.15 percent is stated to be par- 
ticularly effective on tomatoes. Ultraviolet radiation is supposed to 
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sterilize the air, but tests reveal that such high intensities are needed 
to kill mold spores that this method is of minor importance for this 
purpose. However, it has definite advantages for sterilizing the water 
used to wash the products before storage or transport. 


Desiccation 

So far the survey of methods has covered the control of respiration. 
Control of shrinkage and spoilage are quite as vital to the storage life 
of fresh products. Berries and vegetables are 80 to 95 percent water. 
When 5 or 10 percent of the water content has evaporated, shrinkage 
becomes visible. The loss of water is accelerated either by transpira- 
tion or by favorable conditions for physical evaporation. ‘The rate of 
both processes depends on the temperature and humidity of the sur- 
rounding air. Low humidity and high temperature favor high water 
loss. More water evaporates immediately after harvest than later. 
Comparatively warm products brought into a_ refrigerated space 
lose a considerable amount of water because of the sharp decrease in 
external vapor pressure. When taken from saturated air at 23° C. to 
saturated air at 0° C., the vapor pressure falls from 23.8 cm/H¢g to 4.6 
mm/Hg. ‘This difference in the vapor pressure is, in fact, larger than 
between zero air as dry as 50 percent compared with saturated air. 
This stresses the importance of a rapid cooling from quite another 
viewpoint. 

Ventilation alone causes a very small increase in the rapidity of 
evaporation, but low humidity of the circulating air hastens desicca- 
tion. ‘This happens often in cold storage when the air passes the cool- 
ing coils and is deprived of a substantial part of its humidity. 


Prepackaging 

Carrots are particularly sensitive to water losses and need at least 
85 to 90 percent relative humidity. A well-managed fruit store should 
maintain 85 percent relative humidity. The most important new de- 
velopment in this field is the use of moisture-proof wrappings— 
varlous types of cellophane, Pliofilm, etc. This material is permeable 
byacarbon dioxide, which passes through it ten to twenty times faster 
than air. Water vapor hardly escapes—water loss is often twenty to 
thirty times less. In most cases, the taste is not influenced by film wrap- 
pings. 
Toa certain degree also this method can be considered an alterna- 
tive to refrigerated storage. In the United States experiments such as 
wrapped vegetables were stored at 12° GC. with less weight losses than 
unwrapped products at 0° C. However, cold Storage is also favorable 
for wrapped products. By a combination of wrapping and cold stor- 
age, extremely good storage results have been reported with vegetables 
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having heavy respiration such as asparagus and spinach. In the United 
States it has been found that orchard freshness of apples can be main- 
tained for almost a year when shipping cases are lined with Pliofilm. 
In a practical large-scale test of prepackaging vegetables performed 
at Ohio State University, Columbus, Ohio, U.S.A., in 1946, the total 
loss by spoilage in the observed shops showed an average decrease from 
17.6 to 1.8 percent. U.S. experience also shows an increase in the sale 
of products prepackaged in this way. Packaging should be done in 
the production region. ‘Transport is more economical when unneces- 
sary parts are not carried, and trimmings can be returned to the soil. 


Waxing 

The use of wax coatings on both fruits and vegetables has been ex- 
tensively tried in Sweden, as a means of diminishing evaporation. It 
is commonly practiced on citrus fruits in the United States of Amer- 
ica. The surface of the product is provided with a thin wax film about 
(0.00037 inch (0.01 mm.) thick, which does not entirely cover all 
pores—it admits a normal gaseous exchange for respiration, but im- 
pedes transpiration. 

Many investigations have been performed on apples at the Cam- 
bridge Institute. The touble has been to find a coating that decreases 
water losses, but does not interfere with respiration, The spray particle 
size is a major factor in determining the kind of film formed. Recent 
results from Cambridge report that 300 to 400 bushels of apples could 
be treated per day at a cost of 31d. per 36 liters (bushel). 

In many instances waxing is reported to have reduced decay. Ex- 
cessive water loss reduces the vitality of the product, making easier the 
destructive work of decay organisms; the minute creases formed by 
shriveling are also ideal locations for the incubation ol mold spores. 
In the United States, more than 50 percent of the citrus fruits, 80 
percent of the tomatoes grown in Texas and Florida, a large portion 
of the cantaloupes, and most cucumbers shipped long distances for 
marketing are protected by wax coatings. The method reduces the 
weight loss of cucumbers by one-halt. 


Fungus Diseases 7 | 

It has been shown that air-borne germicides and waxing reduce 
mold attacks, and that refrigeration can be carried down to tempera- 
tures where the growth of spores, bacteria, and fungi is so very ea 
that the practical importance 1s nullified. There are, however, some 
mold varieties which are very little influenced by temperature. One of 
them, Gloeosporium album, is a toe dangerous to all fruit Stor age in 
Europe. It is a remarkable fact that the U.S. Gloeosporium ee 
in fruit storage is another variety which is easily controlled by low 
temperatures. 
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The chief way of combating this disease is through improved sanita- 
tion in the orchards. Presumably G. albwm incubates on necrotic 
crinkles of tree branches. Disinfecting wrappers and skin coating may 
help. Careful handling of deciduous fruits is essential. Most cases ol 
green and blue mold are accompanied by a rupture of the skin through 
which the spoilage fungi apparently enter. 


Effect of Growing Conditions 

Growers have to be made storage conscious. ‘The picking time is 
vital, but so is the variety grown. Fertilizing affects keeping quality. 
Products should, as a rule, have suficient potassium and phosphorus, 
but restricted supphes of nitrogen. An increased yield through added 
nitrogenous fertilizers may mean a still larger loss in spoilage. Our 
knowledge is very deficient as to the keeping capacities of different 
varieties, but important studies have, however, been made with 
pears and apples. Some varieties of tomatoes can be stored twice as 
long as others. Another aspect is the keeping quality after storage. 
It is not sufficient for products to retain their appearances; they must 
withstand commercial handling afterwards. 


Limitations 


What are the limitations to reducing storage and distribution losses? 
How far can they be reduced? Which losses are avoidable, and which 
must be counted as unavoidable? 

As long as fresh products are alive they respire and give off water. At 
the same time, they absorb oxygen, partly compensating for the car- 
bon dioxide emitted. There is difficulty in distinguishing between 
spoilage losses and real weight losses. Spoilage stimulates the produc- 
tion of carbon dioxide and is liable to increase the evaporation ol 
water. The real weight losses can only be established through frequent 
weighing of enclosed samples. 

The combined loss through spoilage and respiration-evaporation in 
the scientifically controlled Swedish apple-storage experiments was 5 
percent per month, of which 3.5 percent constituted spoilage and 1.5 
percent weight loss. According to calculations based on the respiration 
figures, the loss due to emitted carbon dioxide should be capable ot 
reduction to 0.1 percent per ton per 24 hours, and the water loss to 
0.12 percent. Thus, the observed weight losses should be diminished 
by at least two-thirds. 


Losses in Practice 


It is startling to find how much waste conventional practices cause 
y . ¥ ee i as : . : 3 a : 
U.S. authorities estimate that, on the average, one-fourth of the food 
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produced is never used for human nourishment, but is discarded or 
wasted somewhere along the line. It was found in the Swedish potato 
survey that 15 to 20 percent of the potato crop is wasted. Waste ol 
fresh fruits and vegetables often reaches higher figures. Enquiry 
among retailers and wholesalers revealed losses of strawberries of 30 
to 40 percent. More than one-third is lost in winter storage of 
cabbage and carrots. 

The U. 8. War Food Administration published the following rough 
estimates of loss on a percentage basis: deciduous fruits 26 percent, 
potatoes 28 percent, tomatoes and citrus fruits 33 percent, lealy green 
and yellow vegetables 43 percent. ‘These high figures may, to some 
degree, be attributed to large transport losses in the United States 
because of great distances between production and consumption areas. 
This demonstrates the importance of locating production closer to 
consumption districts. “he new horticultural drive in Russia seems 
to place great emphasis on arranging the production of fresh fruit and 
vegetables in zones immediately surrounding the cities. 

In 1942 the United States wastage of fruits and vegetables after 
leaving the producer amounted to an average of 20 percent, or more 
than US$800 million at retail value. Prewar German estimates put 
their wastage at 16 to 18 percent. For the season 1946/47, Swedish 
potato losses amounted to at least 21.8 percent. All these figures call 
for a challenging re-examination of existing practices at almost every 
point. 


REFRIGERATED GAS STORAGE OF FRUIT” 


The refrigerated gas-storage of fruit has assumed peculiar signift- 
cance in the United Kingdom. In 1939 there was space for 40,000 
metric tons of apples in gas storage throughout the country. More 
storage has been built since that time, but progress was retarded by 
the war. Further stores are in construction and others are planned. 

Apples are not stored at 0° C. in ordinary refrigerated storage in 
England, as is usual in the United States, because such a tempera- 
ture is unsatisfactory. It is a peculiarity of English-grown apples that 
most varities are damaged by temperatures below about 3.5° to 4° C. 
The damage often occurs in a comparatively short time; the flesh of the 
fruit breaks down and portions become water-logged and turn brown. 
In the early days of refrigeration, belore 1t became known that this 
damage was caused by “low-temperature breakdown,” considerable 
losses were incurred. 

The difference in the storage life of the apple, if low-temperature 





‘Based on a paper presented by W. Hugh Smith. 
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breakdown does not intervene, produced by a difference in storage 
temperature of 0° C. and 4° CG, is very considerable. Were it not fon 
the development of gas storage, the period during which English 
apples could be marketed would be very limited. 

The development of gas-storage technique is an interesting example 
of how observations made in the course of purely academic research 
often lead to results of the greatest practical value. It had been 
noticed that increased concentration of carbon dioxide and reduced 
concentration of oxygen in the atmosphere depressed the respiration 
and inhibited the germination of seeds. How would it affect the whole 
fruit? The effect was found to be a depression of the rate of respira- 
tion and a greatly increased life of the fruit (Figure 59). ~~ 


Figure 59. Effect 
of increase in 
carbon dioxide 
#7) CO 12": (0; and decrease in 
oxygen on res- 
piration of King 
Edward VII ap- 
ples (1947/48). 
(From unpub- 
lished data of 
J. C. Fidler) 


L./TON/ DAY 





Gas Storage 


Gas storage is, in essence, a technique whereby the living fruit, 
which gives off carbon dioxide while it absorbs oxygen from the air 
is allowed to build up a modified atmosphere in its environment. lt 
an airtight compartment containing a quantity of apples is tightly 
closed, the apples will, in the course of time, use up all the ouveen 
and replace it by carbon dioxide. When the oxygen has been com- 
pletely absorbed, there is 21 percent of carbon dioxide and no 
oxygen, the remaining 79 percent being nitrogen. It is possible, how- 
ever, to interfere with this process. When the concentration of carbon 
dioxide has reached 8 to 10 percent, some air can be allowed to enter 
the conipartment and, by regulating the exchange of outside air and 
Inner atmosphere, we can maintain a concentration of 8 to 10 per 
cent of carbon dioxide and 13 to 11 percent of oxygen. This, es 
sentially, is what is done in gas storage. ie coll 
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The modern gas storage consists of a sheet-metal-lined chamber, its 
overlapping joints sealed with grease to make it as nearly gas tight 
as possible. ‘The floor is also treated with a gas-proofing material. 
The chamber is insulated on the outside of the metal-shceting and ts 
refrigerated by an internal evaporator, usually housed in a central 
duct. Air is circulated over the evaporator coils by means of a 
reversible blower driven by a motor outside the room. ‘The fruit, 
in clean orchard boxes, is deposited in the storage chamber through 
an opening which is later closed by a sheet metal door provided with 
a rubber gasket; the door is screwed on tight. Ventilation is ad- 
justable. 

It is, of course, necessary to know the temperature and concentra. 
tion of carbon dioxide in the store room. ‘This is achieved by means 
of a distant reading thermometer and a katharometer. ‘The katha- 
rometer is an instrument which measures carbon dioxide concentra- 
tion by change in the resistance of an electric wire in a tube through 
which a sample of gas is drawn from the store. 

Under these conditions, at a temperature of 4° C., the Bramley’s 
seedling apple, the chief British culinary apple, can be stored satis- 
factorily until late spring or early summer, whereas in cold storage 
the apples do not keep much after January without significant 
wastage. Gas storage extends the storage life of the apple by 50 to 
100 percent. 

Unfortunately, these conditions do not give the best results for 
many other varieties (Table 9). Cox’s Orange Pippin may be cited 
as an example, since it is the most popular and valuable dessert 
variety in Britain. During extensive experiments made to determine 
the optimum conditions for each variety of apple grown in the United 
Kingdom, it was found that Cox’s Orange Pippin requires a low con- 
centration of carbon dioxide combined with a very low oxygen 
concentration—5 percent of carbon dioxide and only 2.5 percent of 
oxygen. 

The most practicable means of achieving these conditions in the 
gas storage has been found. It the fruit is allowed to remove the 
oxygen from the store-room to the level of 2 percent, it is mecessary 
to remove the excess of carbon dioxide (i.e., the difference between 
18.5 percent and 5 percent). This is done by means of an absorbent. 
Some of the atmosphere in the chamber if by-passed through a 
cylinder in which there is a solution of either caustic soda or milk 
of lime. This frees it of carbon dioxide, and it is then returned to 
the chamber (Figure 60). | 

Cox’s Orange Pippin apples, stored in this way, may often be 
kept until March, though it must be pointed out that a great deal 
of variation in keeping quality is found both from one farm to another 
and from one season to another. 
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Gas storage has also been employed successfully for the storage of 
pears. ‘Three varieties have been tested: Conference, Doyenne du 
Comice, and William’s Bon Chretien. Of these, Conference is the 
only one grown commercially on a large scale in the United Kingdom 
(Table 9). Conference pears grown under conditions in the United 
Kingdom can be stored in air at 1° C. for three and a half months. 
In 5 percent carbon dioxide with 214 percent oxygen at 1° C. they 
keep for ten months, or in 10 percent carbon dioxide with 11 percent 
oxygen for seven months. ‘Thus, refrigerated gas storage has a tre- 


Tarte 9—TEMPERATURES AND ATMOSPHERES RECOMMENDED FOR THE STORAGE OF 
APPLES AND PEARS GROWN IN ENGLAND ' 





Varieties requiring control of temperature and of CO, only 








‘Tempera- 
Variety Type ture co, Oxygen 
( Se FA | . Percent .. . ) 
Apples 
Bramiley's Seedling (= 22. 72. Culinary 4 8-10 13-11 
Lord Derby Bare reat 9 ec Culinary 4 8-10 13-11 
Sirxlinge Castes oo ect ee os Culinary 8-10 13-11 
Pears 
William Bon Chretien ...... 0-1 10 11 














Varieties requiring independent control of both carbon dioxide and oxygen, in 


addition to temperature control 























Apples 
Lane’s Prince Albert ....... Culinary 4 5 25-5 
King: Edward VIL <.:.<... Culinary a0 5-10 25 
Monarch Se Ee ia? oe 5. Culinary ] 5 2.5-5 
Ellison’s Orange .......... Dessert | 5 2.0—5 
Cox's Orange Pippin ....... Dessert 4 5 2.5 
Laxton 's(GUperty % cig . = oy asin Dessert 4 10 25 
Worcester Pearmain Dessert | 5 25-5 
Allington Pippin ......... Dessert 3 3 2 5 
Pears 
Conference el tet eee e 0-1 5 2.5 
Doyenne du Comice 35 
\ Fu: ORE. 0- 10 2.5 
Varieties requiring co , - ith ¥ nti 7 i 
bocie ; | g control of temperature with ventilation to remove carbon dioxide 
Apples 
Annie Elizabeth Culinary | 0 21 
Newton Wonder Culinary | 0 2] 
Blenheim Orange Dessert ) | 0 2] 
King Pippin Dessert 4 0 21 














1 ' i : ape a 
It is quite easy to damage apples by too high a concentration 


of carbon dioxide or by 


too low 


a concentration of oxygen. The limits of tolerance vary with the variety and with temperature 
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Figure 60. Diagram of arrangement of gas storage and carbon dioxide 
scrubber. 


mendous advantage over ordinary refrigerated storage. Not only ts 
there the advantage of greater storage life, but the market lite of was- 
stored pears (i.e., the time available between removal from store and 
the development of dessert quality is about twice that of cold-stored 
pears). 


Importance of Maturity of Fruit 


Certain other conditions must be watched if gas storage is to be 
successful. One of the most important is the degree of maturity of 
the fruit at the time it is stored. 

The question is often asked, “How can the maturity of fruit on 
the tree be determined?” Scientifically, maturity can be determined 
quite accurately: as the apple ripens there is a characteristic change 
in the rate at which carbon dioxide is evolved. ‘This can be measured 
in the laboratory, so that a curve of increasing carbon dioxide evolu 
tion can be traced, noting a peak and then a decrease. At the peak 
(which for convenience is named the climacteric), the apples passes 
through a critical stage. When that stage has passed, the apple is of 
absolutely no use for gas storage. 

Such a test cannot be applied in commercial practice, but fortu- 
nately there are distinct signs when the climacteric stage is approach- 
ing. A change in the ground color of the skin, a beginning to yellow, 
is the most obvious. Apples and pears may, however, be picked too 
early. If picked prematurely, they lack their full potential size and 
are likely to shrivel. Many varieties of apple develop scald if picked 
too early. Much depends upon the experience of the grower, but 
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there is a practical test of considerable value. As soon as the apple 
parts easily from the tree when given a slight twist, It 1s ready to 
pick. " 

Apples and pears may be stored too ripe, even if they have been 
picked at the right stage, for maturation proceeds until the fruit 1S 
cooled. Not more than four to five days should elapse between picking 
and sealing the fully loaded store. For that reason, it is not practicable 
to have chambers of more than 50 metric tons capacity. “The storeroom 
must, of course, be filled. If it is really gas tight, there will be no 
difficulty in getting the correct concentration of carbon dioxide. 
But, in any case, the fruit must be cooled promptly. 

No difficulty is experienced with humidity if the storeroom is con- 
structed with an evaporator of adequate surface area to cool and 
maintain the fruit at the correct temperature, with a small tempera- 
ture difference between the cooler surface and the fruit. But other 
constituents of the atmosphere must be considered. As the fruit 
approaches the stage of ripening, which is characterized by a peak 
in respiratory activity, there is an increased emanation of ethylene. 
If the concentration of ethylene is too high, it tends to hasten ripening, 
and it may cause some damage. ‘There is no danger of this happening 
if the fruit is picked at the correct stage of maturity, stored promptly, 
and — what is most important — varieties are stored without mixing. 
An earlier-maturing variety stored with a later maturing variety may 
not only reduce the storage life of the late variety, but may cause 
spotting of the lenticels and severe disfigurement of the apple. 

Other emanations of the fruit are important. The apple evolves 
certain volatile substances which give it the characteristic smell. 
The exact chemical composition of these substances is not yet known, 
but there is evidence that a substance, or group of substances, belong- 
ing to the heavier fraction of these volatile substances causes the 
troublesome storage disorder known as superficial scald. 


Control of Scald 

In the United States of America, where scald is often a serious 
factor in the cold-storage of apples, a method of control has been 
devised — wrapping the individual fruits in a paper impregnated 
with colorless and odorless mineral oil. It is a general practice in 
the United Kingdom to wrap apples of susceptible varieties in oil- 
impregnated paper, but pears may be damaged by oiled wrappers. 
The wrapping of apples before storage has disadvantages: It takes 
time, and it costs money. And although frequently apples, even of 
susceptible varieties, are stored successfully without oiled wraps, it 
is considered a necessary insurance against scald. 

Some way to control scald without the use of wraps is. needed. 
Experiments have recently been carried out both in the United States 
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and the United Kingdom to explore the possibility of using filters 
charged with activated charcoal through which the atmospheric 
content of the store may be circulated. So far, experience has indi- 
cated that the heavier volatile substances do not reach the filters; 
they must be removed by an absorbent placed close to the fruit, but 
not directly on its surface. Mineral oils applied directly to the skin 
cause severe internal injury by interfering with the exchange ol 
carbon dioxide and oxygen between the inside of the fruit and the 
outer air. 

Gas storage of plums and cherries is not promising. Supernormal 
concentration of carbon dioxide soon causes severe injury and 
browning of the flesh. 

Strawberries are not injured by 10 percent of carbon dioxide and 
11 percent oxygen; but the advantage of gas storage is too small to be 
practical. 

Broccoli and cauliflower react favorably to gas storage. In the United 
Kingdom a short spell of warm weather sometimes hastens the ma- 
turation of broccoli to such an extent that there is a temporary con- 
gestion on the market. While cold storage at 0° C. keeps broccoli 
for three weeks, it is possible to store the vegetable in 10 percent 
carbon dioxide and 11 percent oxygen for three or six weeks, after 
which it remains in a marketable condition for four or five days. 

Certain conditions must be closely observed when gas storage 1s 
used for fruit: It must be picked at the right stage of maturity, and 
it must be loaded and sealed promptly. ‘To satisfy these conditions, 
the stores must be situated at the producing end of the distribution 
link. It is not advisable to gas store at the marketing end. Conse- 
quently, in the United Kingdom, the gas storages are mainly on 
individual farms or at central packing plants where an association 
of growers can employ expert management. | 

Fruit is not usually graded and packed before storing. There 
is not time. It is better to eliminate unsound fruit, wrap, and store 
in clean orchard boxes. The fruit can be packed after its removal 
from store and after allowing condensation to dry off the surface. 

Wastage of gas-stored apples Is exceedingly small — often less than 
one-half of | percent. 


FROZEN FRUITS AND VEGETABLES’ 


The first step in the preparation ol fruits and vegetables to be 
frozen is, of course, the right choice of variety and the determination 
of the degree of ripeness. 


7Based on a paper presented by P. Clement. 
*, 
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Vegetables =. 

After the preliminary operations of grading, pare. fanenage 
husking, and washing, as shown in Figure 61, the versa ne i: 
blanched to destroy the enzymes (catalases, oxidases, eased ae 
which may cause changes in flavor in the frozen product. ee 
is generally done by immersion for a lew minutes in ee bh 
or in steam under ordinary atmospheric pressure, but steam ata 
pressure of 350 g/cm? also destroys the enzymes and takes half the 
time required for blanching in boiling water. . 

The inactivation of the enzymes during blanching can be de- 
termined by means of a 10 percent solution of guaiacol in pure 
alcohol in the presence of hydrogen peroxide. ‘The technique con- 


Sis as ee Oe ee AM Dir a aes 
sists In placing 5 g. of tissue in small pieces in a test tube with 5 
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sheet indicating op- 

erations used in 

FRE re 4 ring n 

oe ones preparing and 
CHAMBER freezing green snap 
Caeioca) beans. 





of water, and adding 1 cm® of 10 percent alcoholic guaiacol solution, 
then 1 cm® of 0.5 percent hydrogen peroxide solution. After two 
to five minutes a brown coloration occurs if any peroxidase is present. 
No coloration is observed if all the peroxidase in the tissues has been 
destroyed by blanching. 

Blanching fixes the green coloring matter and nearly sterilizes the 
product. ‘The disadvantage is that it removes a portion of the nutrient 


substances, dissolving them out in the water. Blanching has been 
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tried by infra-red rays, but this method dries out the surface of the 
product without making its inner enzymes inert. Electronic blanching 
by dielectric heating has been suggested for some products. | 

After blanching, the product must be cooled immediately in a 
minimum of very cold water. Air-cooling prevents the loss of soluble 
substances such as water-soluble vitamins and sugar, but there is 
danger of oxidation and dehydration. 


Fruits 


Most fruits, with the exception of pears and apples, do not require 
blanching; but it is necessary to make the enzymes less active. For 
this purpose, cool sugar syrup is used to cover the fruit before freezing. 
Dry sugar can also be used; it plasmolyzes the tissues and dissolves 
in the liquid exuded. ‘The syrup concentration varies from 35. to 
60 percent, depending on the type of fruit. The fruits have to be 
completely covered in order to reduce the risk of oxidation from 
contact with the air. The addition of an antioxidant to the sugar 
syrup is recommended for peaches and certain other easily oxidizable 
fruits. Ascorbic acid in the proportion of 0.05 to 0.50 percent may be 
used. Some fruits, particularly such as apples, which have passed the 
right stage of ripeness, are liable to softening after thawing. ‘To 
prevent this, the fruit may be steeped for five minutes in a dilute solu- 
tion of calcium chloride acidulated with citric acid to obtain a pH 
of 2.7 or 2.9. After immersion, the fruit should be rinsed to eliminate 
the bitter taste of the calcium chloride. 


Specifications 

The Inter-occupational Federation for Quick Freezing has formu- 
lated, for France, the following specific requirements for quick frozen 
vegetables and fruits, which will serve as an example: 


Vegetables 


Vegetables should be packed either whole or in pieces sufficiently 
large to be identified. After thawing and cooking, the products should 
have the appearance, color, consistency, odor, and flavor of freshly 
cooked vegetables. “There should be no waste in their use, and they 
should be usable in the same culinary preparations as the fresh 
vegetables. “They should have the following specific characteristics: 


Asparagus: Only the young shoots, peeled or scraped if necessary, 
should be used: the stalks should be over 15 cm. in length and with 
a diameter at the base of at least 9 mm. The stalks should be erect, 
with white, purplish, or light green tips, firm and without miidew, 
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spots, or bruises. Asparagus 1s graded according to the base diamete 


in the fresh state: 


Giant over 25 mm. 
Extra Large from 19 to 25 mm. 
Very Large 14 to 19 mm, 
Large 1] to 14 mm. 
Average 9 to 11 mm. 


Asparagus tips: May be taken from asparagus of any size or from 
twisted, green or slightly flowering asparagus, if it is sound. 

Celery: Only the hearts and white parts of the branches should be 
used. Minimum length is 13 cm. 

Cauliflower: Should either be whole or in compact pieces. The 
maximum length of each piece should not exceed 60 mm. 

Spinach: Should be presented in clumps without yellow leaves, 
and the leaf stalk cut less than 3 cm. from the leaf blade. 

Snap beans: Bean varieties without tough inner membrane, washed 
and trimmed, with the seed formed or not quite formed (extra fine). 
The proportion of stringy or faulty beans should not exceed 3 percent 
for extra fine snap beans and 8 percent for snap beans. 

I'rench beans: YVhe edible pods of certain bean varieties, washed 
and trimmed. ‘Trade categories are graded according to maximum 
width of the fresh state: Extra Fine, 6 mm.: Very Fine 7.5 mm. 
French beans should be tender, of uniform shape, and fresh color. 
There should be practically no pods with the seed formed. The 
proportion of stringy or faulty French beans (mildewed, spotted, 
insect-punctured) should not exceed, for Extra Fine French beans, 
3 percent; Very Fine French beans, 8 percent. 

Green peas: Fresh peas are used, picked while tender and green. 
The different categories are graded by screening in the fresh state: 
Extra Fine 7.4 mm. diameter; Very Fine 8.4 mm.; Medium, 9.2 mm. 
“Sugar peas’ are not graded. Green peas should not be flattened and 
should have a uniform green color. The proportion of faulty peas 
(deformed, yellow, spotted, brown, sprouted) and extraneous matter 
should not exceed 5 percent for Extra Fine and Very Fine peas, or 
8 percent for Medium grades. For all grades at least 75 percent of 
the peas should have the cotyledons inside the epidermis. After 
thawing, green peas should be tender but firm to the touch. 


Fruits 


Fruits should be packed whole, in halves, or in quarters, with or 
without the addition of sugar or syrup. Only crushed or granulated 
sugar, equivalent to type No. 3 of the Chamber of Commerce of Paris, 
can be used. The proportion of sugar should not exceed 18 percent 
of the weight of the fruit treated. The proportion of sugar syrup 
used should not be more than 30 percent of the weight of the fruit, 
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and the sugar content of the syrup should be at least 20 percent. 
Fruits of the same consignment should be of the same variety, size, 
and color. Immediately after thawing, the pieces should be soft but 
retain their original shape. When the fruit is in halves or quarters, 
the sections should be cleanly cut, the color unchanged, the odor and 
taste agreeable, resembling the fresh fruit as nearly as possible. 

Apricots: Varieties used should have a firm pulp. ‘he fruit should 
be cut in two along the natural division and stoned. “Phe minimum 
diameter for each piece is 55 mm. 

Black currants and gooseberries: Should be separated from stems. 

Mirabelle plums: Fruits should be whole, not stoned, measuring 
at least 20 mm. in diameter, 

Peaches: Only freestone varieties with firm pulp should be used. 
The fruits should be peeled, cut along the natural joining into two 
halves, and stones. The diameter should measure at least 45 mm. 

Pears: ‘Vhe varieties used should have a firm fine pulp. The fruits 
should be peeled, cored, carefully trimmed, and cut into two, three, 
or four sections with a minimum length of 60 mm. 

Greengage and Quetsche plums: ‘The fruits should be either whole 
or cut in two and stoned. The minimum diameter is 35 mm. for 
ereengages and 25 mm. for Quetsches. 


Packing Frozen Products 


In most cases, the products are packed before freezing; it is often 
difficult to pack a product solidified by freezing. On the other hand, 
fresh products such as blanched vegetables or fruits in syrup are 
-asily packed. 

Packing beforehand, however, 
has a definite drawback, since it 
markedly retards the speed of 
freezing. Curves of central tem- 
peratures were plotted, in rela- 
tion to time, of two identical 
lots of vegetables, one in a metal 
mold and the other in waxed 
paper. ‘These curves (Figure 62) 
show that the packaged material 
takes about two and a half hours DURATION OF FREEZING 
longer to freeze. However, the Arial tk 
use of metal molds entails un- 
molding oe ee Se Figure 62. Comparative rate of freez- 
done in warm water, and pack- ing of asparagus packed in metallic 
ing after freezing, which  seri- molds and paraffined paperboard car- 
ously complicates the operation. tons. 
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For packing, whether before or after freezing, waxed paper covered 
inside and out with cellophane is ggnerally used; the sizes have been 
standardized. 

Phe packs authorized in France have the following dimensions 
Wholesale packs, 300 by 200 by 50 mm.; Household packs, 150° by 
100 by 50 mm.; Halt-size packs, 75 by 100 by 50 mm. 

Experiments are being made on the use of water- and _ air-tight 
receptacles similar to cans, but this type of pack does not seem to 


find favor with French consumers. 


Freezing Processes 


\fter the products have been properly prepared and packed, they 
are taken immediately to the freezers and frozen as rapidly as possible. 
Phe contact and air-blast systems are used. 

In an apparatus of the contact system type, of which the best known 
is the Birdseye multiplate freezer, the coefhcient of transmission is 
increased by making close contact between the refrigerating agent and 
the products to be frozen. ‘The products are wedged between hollow 
metal plates through which cold brine or other refrigerant circulates. 


Refrigeration can be done very rapidly with this equipment, but 


Figure 63. Contact freezer used for packaged fruits and vegetables. 





it can be used only intermittently, and only products of the same 
thickness and of the same parallelepipedal form can be treated. Fig- 
ure 63 illustrates a contact freezer. 

In machines operating on an air-blast system, the air is utilized as 
the transmission agent between the refrigerating fluid and the product 
to be frozen. Since air has a very low specific heat, a considerable 
amount has to be passed over the products. An air velocity of 4 to 6 
m/sec. and a temperature of SO> to 10° C. give satisfactory results. 

Air-blast freezing machines used in France, for example, are ol 
many types, but all resemble a tunnel: a mechanical system moves 
the products along at a speed sufhcient for them to be fully frozen 
during their passage through 
the tunnel. ‘This equipment, 
therefore, operates on a semi- 
continuous basis. Figure 64 
shows one type of tunnel 
ITeezer, 

The conveyers usually con- 
sist of endless belts on which 
the packs to be frozen are 
placed separately. They may 
also consist of shelves at- 
tached together, enabling the 
simultaneous loading of a cer- 
tain number of packages. In 
some cases, in order to pre- 





vent the retarding action on 
freezing of the packing ma- 


: ; Figure 64. One type of tunnel used 
terial, the product is frozen in for freezing fruits and vegetables. 


bulk; this is often done in the 
case of green peas and beans, which are placed directly on the belt. 


The main advantages of this process, which has been adopted in many 
plants, are its extreme simplicity and the fact that products of all 
kinds and all sizes can be treated. 

A French designer has perfected a multicellular tunnel consisting 
of a series of cells, each accommodating a trolley, on which the prod 
ucts to be frozen are arranged in superimposed rows. Particulay 
attention was given to the problem of ain circulation, and the tem 
perature remains uniform in all parts of the tunnel. 


Distribution of Refrigerated Products 


Experience in France will serve as an example of some of the prob 
lems encountered in distributing refrigerated products, and some 
methods of dealing with these problems. 
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Need for a Refrigerated Chain 


During freezing the temperature of the products should be lowered 
to about —20° C. for perfect preservation. Good material, propei 
preparation and freezing are not enough to ensure the products 
reaching the consumer in excellent condition. “The product must be 
held at a low temperature until it is used. Best results are obtained 
if the temperature of the frozen product is maintained at —18° to 
—20° C. during storage, transportation, and display in the retail 
store. 


Stages in Distribution 


‘To ensure that frozen foods are properly handled at all times during 


Pap | 


storage and distribution, an organization must be setup extending 


Figure 65. Interior of cold storage room in warehouse. 
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from the freezing plant to the retail shop. Such a system is called the 
“refrigeration chain,” a name which well expresses the idea of con- 
tinuity in maintaining uniformly low temperatures. 

An actual chain organization now operating in France has 24 
freezing plants in the different production zones of France, including 
five in Brittany, four in the Paris area, one in the Orleans area, one 
in the Eastern area, eight in the Lyon area, one in the Bordeaux area, 
two in the Roussillon area, and two in the Vendee area. 

‘The waxed-paper and cellophane-wrapped packages are immediately 
placed in shipping cases made of corrugated fiberboard of the follow- 
ing interior dimensions: Length 530 mim., width 320 mm., height 220 
mm. ‘These cases facilitate handling and sorting, and at the same time 
reduces the risk of accidental thawing during transport. 

The shipping containers are stacked in a cold room at —18° C.,, 
which must be large enough to hold the output of at least two or 
three days’ operation. On leaving the freezing plant, the containers 
are loaded on refrigerated trucks, which take the products of the 
region to a regional refrigerated warehouse. Here the consignments 
are arranged according to brand and category. 

When seasonal production is finished, the stock is transported by 
refrigerated cars or trucks to refrigerated warehouses in the large 
consumption centers. The products are distributed from the large 
public warehouses to the wholesalers, who utilize small warchouses 
within their range of operations or special cold rooms, where the 
temperature is maintained at —18° C. From the wholesaler the 
products are taken to the retailer in specially equipped light motor 
trucks and placed in the storage units installed in the retail shops. 

These links in the distribution chain are now examined in greater 
detail. 


Storage 


The cold rooms, whether in the freezing plant, the public depot, 
or at the wholesaler’s, are, or should be, maintained at a constant 
temperature of —18° C. The refrigerating equipment should be ol 
such quality as to guarantee this temperature being maintained, Par- 
ticular attention should be given to insulation by a layer of cork at 
least 24 cm. thick. Figure 65 shows the interior of one of these cold 
rooms maintained at —18° C. in a large public warehouse. ‘To 
prevent dehydration during storage, the chamber should be slightly 
ventilated, or a system of direct radiation used. “The evaporation 
temperature of the refrigerant should be as near as possible to the 
temperature of the room. 7 nat 

There are now some sixty large refrigerated warehouses in France, 
having a content of approximately 150,000 m® of cold rooms kept 


ates Gs. 
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Retail Stores 

On arriving at the retail store, the products are taken from the 
wholesaler’s truck and placed in special units maintained at —18° 
C. and having a maximum capacity sufficient to store 400 kg. of refrig- 
erated products. The packages are stripped of their corrugated fiber- 
board covering so they will occupy less space. 

The storage equipment in the shops usually consists of a counter 
80 cm. high, opening at the top. These counters should be par- 
ticularly well insulated. The refrigerator equipment consists of an 
evaporator immersed in a nonfreezing brine in the area between 
the two walls and the inner tank. The compressor for a 600-liter 
case has a 34 h.p. motor. 

There are nearly 200 of these refrigerated cases in Paris, and 1,000 
in the provinces. “Phe counter is open on top, and the front is fitted 
with transparent glass, and a mirror slanted at the right angle to 
show the produce (Figure 66). The temperature of —18° C, is main- 
tained by special evaporators arranged vertically, and the introduction 
of heat is avoided by a current of cold air which forms a “cold 
blanket” over the foodstuffs and effectively protects them against any 
rise in temperature, 

Frozen vegetables, unless the consumer’s refrigerator has a frozen 
food compartment at —10° C. or lower, should be cooked promptly 
after purchase. Refrigerated vegetables are best thawed during cook- 
ing. Fruits to be eaten raw should be placed in their cellophane 
packing in the electric refrigerator where they will thaw out slowly. 
They should be eaten before they are completely thawed. . 


Trade Organization 

The Federation interprofessionelle de la congélation ultra-rapide 
(Inter-professional Federation for Quick Freezing), which was estab- 
lished in France in 1946, includes all packers of frozen products 
(fruits, vegetables, fish, cooked dishes, etc.) and wholesale importers 
engaged mainly in importing frozen fish into France from Denmark. 
Iceland, Norway, Sweden, etc. 

The Warehouse-Transport Association is composed of all the large 
public and private cold-storage warehouses with storerooms main. 
tained at a temperature of —18° C., and with means of rail or road 
transport at the same temperature, 

‘The Merchants’ Association represents all merchants, wholesalers. 
or retailers owning cold rooms_ or equipment maintained at a 
temperature of = 137 C. for selling quick-frozen products. 

Lo complete this organization the F.I.C.U.R. includes two other 
recorueal groups: The manulacturers ol refrigerating equipment re- 
piety ae the silico icae See ae ee ae ee aioe 

prising the cellophane, dry ice 
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and paperboard trades, ete. 

The F.I.C.U.R. aims chiefly 
at advancing the quick-frozen 
products industry and_ trade 
by: (1) co-ordinating and sup- 
porting the individual efforts 
of its members; (2) collabora- 
ting with the public authori. 
ties in order to fix the regu- 
lations and to see to their en- 
forcement at every link of the 
refrigeration chain; (3) un- 
dertaking or fostering techni- 
cal research to further their 
objectives; (4) employing 
every possible means of prop- 
aganda; and (5) keeping in 
contact with other countries 





in order to follow their prog- Figure 66. Retail display cabinet fon 
ress in refrigeration methods. frozen foods. 


Selling the Products 

The plants grouped about F.L-C.U.R. have ample refrigeration 
facilities. Unfortunately, owing to the shortage of distribution equip- 
ment, the selling units still lag far behind. ‘This explains why pro 
duction so far has been voluntarily limited to 2,000 metric tons per 
year. The F.I.C.U.R., however, is seeking to advance the young 
quick-freezing industry by improving the distribution network, aug- 
menting temperature-controlled transport, and by increasing the 
number of retail refrigerator stores. Although French manufacture 
is still blocked by an inadequate distribution system, foreign markets 
offer an important outlet. In 1947 France exported 450 metric tons 
of high-quality frozen fruit. But, in developing this business, French 
manufacturers must take into account that the tastes of the forcign 
consumers differ from those in France. In France, for instance, the 
market demand is almost exclusively for Extra Fine (very small) 
green peas, whereas in England the demand is for the large ‘Thomas 
Laxton pea. French producers could supply this type, but unless it 
is specifically ordered, they hesitate. It would find practically no sale 
in France. This is also true of black currants, bilberries and mul 
berries. These fruits are consumed fresh in some countries, but in 
France they are only utilized in the processing plants, mainly for 
fruit syrups. France could also further develop the refrigerated 
products industry with abundant supplies of fruit and vegetables 
from North Africa. 
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Figure 67. Diagram of the Helgerud freezing apparatus. 


The Helgerud Process” 

The usual treatment of vegetables before freezing includes grading 
and trimming, washing, heating, cooling, draining, and packing. 

Every preserving method aims at careful treatment of food. As 
improvements are made, a constant and gradual endeavor must be 
made to use them so that the processed foods retain their original 
properties and nutritive value. 

‘The disadvantages of the customary methods of preparing vegetables 
lor freezing can be summed up as follows: 

|. By heating to a high temperature, damage can be done, par- 
ticularly by oxidation. 

2. By subsequent washing and cooling in water, a part of the 
water-soluble vitamins, taste, and aroma are lost. 

3. The treating process requires considerable energy consumption 
because the blanching heat is lost in the cooling water. 

The dithculties seem to be solved by the patented apparatus for 
pretreating and freezing berries and vegetables, which has been 
constructed by Chief Engineer Civind Helgerud, A/S Kvaerner srug 
Oslo, Norway. 

A diagram of the new apparatus is shown in Figure 67. It consists 
of a cylindrical container with one opening, A. The container has 
a water jacket, E. In the axis of the container a cooling element K 
is placed, and two ventilators are fitted in the end pieces. The con- 
tainer has an inlet for steam, and an outlet for condersed water. 
[he element is connected to a suction and pressure pipe for ammonia; 
the container is also connected to an air-pressure pipe. 


; 


*‘Bascd on a paper presented by O. Sjetne. 


162 


The foods to be frozen are placed in the cylindrical container, 
which can be gradually turned as the apparatus is filled, by means 
of toothed gear connected to the crank, B. ‘The treating process is 
as follows: The raw vegetables to be treated are trimmed, washed, 
and graded. ‘They are placed in perforated waxed boxes, which are 
placed in baskets inside the apparatus. “Two sides of the baskets are 
perforated similar to the carton. After the apparatus is filled, heat 
is applied to the vegetables by opening the steam inlet near the per- 
forated central pipe, D. ‘The air in the container is blown out and 
the steam, which flows in through the holes in the boxes, condenses 
on the foods and heats them to the blanching temperature. 

When blanching is completed, the steam inlet is close and the 
container lid, A, is tightened. Cooling water is let into the jacket, E. 
The steam in the container condenses on the outer walls and a 
vacuum is formed. In the meantime the condensation, which has set- 
tled on the foods during the blanching, boils and takes the heat of 
evaporation from the foods. The products are thereby cooled down 
to a temperature corresponding with the steam’s saturated tem- 
perature at the pressure prevailing in the container. 

After cooling, air or gas is let into the container and the con- 
densation from the cooling process is drawn out through the pipe, 
F, in the bottom of the container. ‘Thereafter the water drain cock 
and cooling water supply are closed and the water in the cooling 
jacket is drawn off, while compressed air or compressed gas is let into 
the container. 

The fans, V, and the cooling machine are started. The cooling 
machine draws the ammonia from the evaporation tubes, K. ‘The 
inlet and outlet for ammonia gas from the container are shown by 
arrows. ‘The fans draw the air from the central section of the con- 
tainer, force it through the packages containing the foods and over 
the cooling element back to the central section of the container. 
During this process the air is cooled by the cooling clement and the 
foods are cooled and frozen. 

When the foods are cooled to the desired temperature, the com- 
pressed air or gas is removed and the lid, A, is reopened and the 
baskets are taken out. The ammonia suction pipe is closed and the 
ammonia fluid pipe opened, new baskets are inserted, the steam is 
turned on, the cooling element is defrosted, the ammonia fluid is 
forced by the high temperature over into the receiver, and the blanch 
ing process begans again. . 

Figure 68 shows a test erection of the apparatus during the ex 
periments. hens: 

Engineer Lydersen, who has charge of this pilot plant, has carried 
out an experiment with the apparatus based on temperature measure- 
ments, in the apparatus and in the foods. The measurements are 
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Figure 68. The Helgerud apparatus. 


taken with thermo-electric elements placed inside the foods, and the 
course of the temperature is shown in Figure 69. The figure diagrams 
the whole process, including blanching, vacuum cooling, and pressure 
[reezing. ‘The treatment starts at a temperature of + 20° C. when the 
steam is turned on. Within five minutes the temperature rises to 
+80° C. and the blanching takes place within four minutes up to 
+96° C. After eight minutes the container is closed and the cooling 
water is let into the cooling jacket. Within four minutes the tem- 
perature drops to +30° C. At this point cooling is interrupted, the 
condensate is blown out, the freezing machine is set in operation, 
and the air pressure is increased in the container. Within the next 
ten minutes the temperature is brought down to 0° G., and 45 
minutes from the beginning the foods are at a temperature of —4° 
C. After 50 minutes the temperature is —11° C. Experiments have 
been carried out on the freezing of cauliflower. The cauliflower was 
cut into pieces of approximately 30 @. each. The test apparatus has 
a capacity of 180 kg. Considering the time necessary to take out 
foods and refill the apparatus, it has a capacity of 1,440 kg. per eight- 
nour working day. The advantage of this apparatus, confirmed by 
experiments, can be summed up as follows: 

The foods are cooled without access of air and destruction by 
oxidation. 

In the course of cooling, pure, clean water evaporates directly 
lrom the foods, so that the aroma, substance, and vitamins are retained 
and not washed away. The State Domestic Science Research Institute 
carried out experiments on the content of ascorbic acid with parallel 
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tests on cauliflower trozen % 








in the usual way by cooling — 4400 
in water and treated ac- 
cording to the new method. +90 
The following results were © TEMP. CENT. CABBAGE 
obtained: The samples +80 = Pulbstcinlabahacd hols 
were taken after two 
months’ storage and ana- +70 
lyzed. Cooked for serving, 
samples cooled in running ré0 
water showed 26 mg. of 
ascorbic acid to 100 g. of +50 
food as an average of 24 
samples. Samples according +40 
to the new method showed 
c f a me 
31.2 mg/100 g. for an aver- 7 
age of 24 samples. ‘The we 
7 P + 
cooking water's content of 
ascorbic acid was respec- +10 
tively 5.9 mg/100 g. and 
3.9 mg/100 g. of the cauli- . 
flower. Further, it appeared 
that cauliflower frozen in -10 
the usual way lost 8 per- 
cent of its weight during -20 
cooking, while cauliflower 
frozen according to the -30 
new method absorbed 2 10 20 30 40 50° 60 MIN. 
percent water. Upon sub- 
fective testing of tl ine Figure 69. Course of temperature of 
jee € testing os Me SOTOr vegetable undergoing blanching, cooling, 
taste, and consistency, the and freezing by the Helgerud process. 


cauliflower frozen by wash- 
ing with water showed a 
less favorable result than that frozen according to the new method. 
The taste and aroma, particularly, were stronger in the sample frozen 
by the Helgerud apparatus. 

The surplus water condensed on the surface of the foods evaporates 
during the cooling, so that the foods regain their fresh, shiny appear- 
ance. This is of importance for subsequent freezing, since fresh wate1 
vives the foods a dull and grey appearance. 

Since cooling takes place so quickly and under vacuum, the foods 
during cooling are not exposed to changes, either from the sur- 
roundings or the cooling medium. 

sy means of the condenser, a total heat gain is made possible in 
the cooling water, for the entire heat of condensation is absorbed in it. 
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Lhe process saves labor, for it is not necessary to move the foods. 

Waste water, sea water, or that from the cooling plant’s condense: 
can be used for cooling. It is not necessary to purify or sterilize this 
water, for it does not come in contact with the foods. 

The foods are already packed, there is no opportunity of rein- 
fection upon withdrawal from the blancher and during packing. 
All three steps are accomplished without the foods being touched by 
hand, and without the boxes being moved. 

For freezing of small vegetables, such as peas and beans, the prac- 
tical form of the apparatus can be changed, so the foods can be 
treated without packing. The foods will thus leave the apparatus 
in a frozen state and can go direct to packing machines equipped 
with insulated containers. The same procedure can be employed 
for freezing berries without the addition of sugar — for example, 
blueberries, red currants, and cranberries. For berries to be frozen 
in syrup, it is possible to freeze the berries beforehand under gas 
pressure and then, during packing, add syrup cooled to the freezing 
point of the goods. 

There are divided opinions about the importance of the speed ol 
freezing on the quality of the processed foods. Apart from this, it is 
an enormous advantage in the wholesale production of frozen foods 
that the process can be done quickly. The freezing speed of the 
Helgerud apparatus has also been measured and compared with 
the calculated freezing speed of other methods using similar sized 
packings and the same evaporation temperature. The results (Figure 
70) show that: 

1. By freezing in still air the freezing time is 8.25 hours; 


Figure 70, Freezing 
rates by various 
methods, (Chiefly 
from data by R. Cc 

Plank ) ; ; 


AIR BLAST TUNNEL WITH PLATE FREEZER 
FINNED PLATES (etroseve) 
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2. By freezing in tunnels with circulating air the freezing time is 
5.1 hours; 

3. By freezing in air tunnel with rib plates the freezing time is 1-1 
hours; 

ne By freezing in Birdseye type contact freezer the freezing time 
is 2.7 hours; 

5. By pressure-freezing by Helgerud’s method the freezing time 

is 0.5 hours. 


MEAT AND MEAT PRODUCTS’ 


Fresh Meat 


The first principle in the handling of meat is that, directly after 
slaughter of the animal, the carcass should be kept under such con- 
ditions as to minimize damage by bacterial action. Since bacterial 
action depends on the temperature of the meat, the more rapid the 
cooling, the longer period during which the meat is fit for human 
consumption. Butchers, throughout the world, therefore, choose 
well-ventilated houses for cooling their meat, which permits natural 
air currents to pass over and cool it. 

Conditions of cooling vary with climatic conditions, and in coun- 
tries with a high humidity and high temperature, meat has to be 
consumed promptly. But it is rapidly becoming known throughout 
the world that even though meat is consumed locally, artificial cooling 
is well worthwhile. Artificial cooling may be nothing more than air 
conditioning to overcome variations in natural conditions. Meat 
for local consumption or for consumption after short hauls is usually 
not intended to be kept longer than 48 hours. This is the time 
necessary to permit it to pass through the phase of rigor mortis, 
which allows the meat to set sufficiently for cutting without “slip.” 
Low temperatures are not necessary and may be undesirable because 
of the risk of damage from condensation on the meat when leaving 
the cooling rooms for distribution, or while hanging in the markets 
or shops. 

Fresh meat produced in one center for distribution to a community 
at some not too distant point should have what amounts to air- 
conditioning, maintained during transit to retain the food value 
and palatability of the product. A typical example is the production 
of meat in the center and west of the United States for consumption 
in the western states; in this trade the meat is cooled to about 0° C. 
at the producing centers and is kept during transit within a range 





"Based on a paper presented by J. A. Brewster. 
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of temperature 0° to 5° Cc. At the distribution center it 1s placed 
in cooled salesrooms, where the air is conditioned by refrigeration. 


Chilled Meat 


Chilled meat, as it is generally understood in England, 1s meat 
kept at temperatures at or slightly below the freezing point long 
enough for transportation to the center of distribution. “The meat 
is preserved by keeping it at a low enough temperature to retard 
the effects of bacterial action, compared with frozen meat, which can 
be stored more or less indefinitely at temperatures causing harmtful 
bacteria to become dormant. ‘The production of chilled meat 
requires very special care. Any contamination during production 
becomes vastly multiplied in storage and transport and can have 
disastrous effects on the product. ‘The animal must be clean when it 
enters the slaughter floor; equipment and tools must be sterilized; the 
air must be constantly examined for bacteria and mold spores; the 
water used, the drying cloths, the wrappers, and the clothing of men 
handling the meat must be clean; walls and floors of coolers where 
the meat is first treated must come under constant and careful exam- 
ination; brine sprays and cooling apparatus must be sanitary both 
at the point of production and during transport. Most of these 
matters are relatively simple, but they require constant supervision 
and imagination in tracking down possible sources of infection. 

The coarser fibers of beef, as compared with mutton or lamb, or 
even pork, show a very real advantage of chilling over freezing, which 
is not shown in chilled as against frozen meats of the other species. 

For chilling beef, the lower the temperature the better preserva- 
tion, but the shorter is the time before ice crystals begin to form 
in the meat. A balance must be struck, therefore, between temperature 
and marketing factors. Before the war, chilled beef was carried from 
South America or Australasia. The time required in transit made 
it difhcult and exceptional to transport to England chilled beef which 
had not the least trace of ice crystals, which spoiled the appearance 
and palatability of the meat. The meat was transported almost 
entirely in the holds of ships, which were cooled by the circulation 
of calcium chloride brine in pipes in the ceiling and on the sides of 
the holds. The circulation of air was by convection, and, as the 
temperature of the meat reached its freezing point, the circulation 
would become sluggish. Since the condition of the air in these holds 
depended upon its passing around the pipes containing the refrig- 
erant, the dew point rose to a dangerous level, particularly towards 
the end of the voyage when there was a heavy coating of frost on 
the cooling pipes. Under certain conditions, there might even be 
thawing of the brine pipes, with a resultant condition of humidity 
favorable to the growth of mold spores and bacteria. These condi- 
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tions were counteracted as far as possible, but a lot depended on the 
skill of the engineers in charge, and-on their ability to maintain a 
full flow of brine in the pipes at as high a temperature as possible. 
The meat could not be put on board at a high temperature because 
this might have overloaded the cooling pipes in the holds with 
moisture. It was found to be essential in the initial stages of prep 
aration in the factories to bring the temperature down as quickly as 
possible without causing any surface freezing. . 

At the same time, it was not possible to allow the cooling-room 
temperature to drop below the eventual carrying temperature on 
ships. “The cooling rooms were, therefore, built with ample height, 
and arrangements were made for cooling by a rapid convection cur- 
rent, or designed for circulation of cool air by fans, 

The normal carrying temperature for chilled beef in holds cooled 
by brine grids was —1.4° C.; at this temperature, and with the slow 
convection current in the type of hold used, the meat began to treeze 
in about 18 to 21 days; by 28 to 32 days it was usually semifrozen, 
The freezing point of beef varies around —0.8° C., so there was 
only a small margin for the production of convection currents. A 
critical period was gone through when the latent heat of the meat 
was dispersed and the surface temperature began to drop below its 
freezing point, particularly if there was little work to be done by 
the brine pipes to eliminate heat leakage into the holds. Various 
control methods have been tried, and meat has been successfully car- 
ried at temperatures around its freezing point, eliminating freezing 
during the course of the normal voyage; these methods included dry- 
ing the air in the holds by simple processes, for instance, by the use 
of calcium chloride or electric heat, raising the temperature of the 
meat itself to permit a more active circulation by convection, and 
better air-conditioning to increase heat removal by the brine pipes. 

Most recently built ships are designed to carry chilled beef, fruits, 
and other produce in the same type of hold. ‘These ships use small 
batteries of brine pipes to cool the air, which is circulated by fans 
around the sides of the hold and down through the ceiling. Return 
ducts are arranged so that the entry and return ducts cover the sides 
of the holds, protecting the cargo heat leakage and unequal insula- 
tion. While this system, due to the reduced pipe area and forced 
flow of air, increases the shrinkage on shipboard, a matter of com- 
mercial consideration, meat free from ice crystals and in generally 
better condition more than compensates for the difference. 

There is still, however, the factor of loss of bloom and change in 
flavor, particularly in fats. ‘These changes in chilled beef correspond 
to the staleness affecting frozen meats, depending on the temperature 
at which they have been kept, within 3 to 12 months. ‘There is a 
definite change in chilled meats in 54 to 36 days after slaughter (10 
days is the limit for satisfactory carrying of chilled meat). 
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fo prevent mold growth during the storage and transportanion 
of chilled meats, the sterilamp has been used, mostly for the partial 
prevention of bacterial growth during the holding of meats at rela- 
tively high temperatures for rapid aging or “tenderizing. The use 
of small concentrations of carbon dioxide in the transportation of 
chilled meat from Australia and New Zealand is a common practice. 
as a mold growth inhibitor. 


Bulk-frozen Meat 


The handling of frozen meats in bulk presents problems of a 
different nature. ‘The same principles of hygiene are necessary as 
in the handling of chilled beef, but the results of neglect are not so 
disastrous. The problem before the war was mainly to maintain 
meat of a fresh, bright appearance. “The most important factor was 
rapid cooling at low temperatures. However, it did cause a little 
extra shrinkage in the initial stages of preparation. Subsequent 
storage conditions and temperatures also have their effect, and con- 
siderable damage can be done to the appearance of carcasses by 
neglect of proper precautions in loading and unloading, and in 
transit between ships and stores. 

During World War IT the main problem was to make the best 
use of the available refrigerated space, both in transit and in the 
available cold stores. ‘To this end sheep and lambs were cut in 
half, and each half tied to the other to save space during storage. 
The beef was boned out, molded, and frozen. This type of package 
required new arrangements for freezing, which presented difficulties: 
there was risk of decomposition inside the meat before it was frozen, 
which did not exist when the carcass was extended on its framework 
of bones; this permitted easier heat removal than was possible with 
the thicker package of boneless meat. A technique was evolved of 
molding the meat before it was set, doing freezing in hours that 
had previously taken days. 

The method that shows the greatest saving in space, both in pro- 
duction and storage, is the one used in the Antarctic for freezing 
whale meat. It became evident that any of the known types of 
apparatus for dealing with products to be frozen in a regular shape 
would not be satisfactory. It was impossible to make an apparatus 
that would fit this meat satisfactorily, so it was decided to make the 
meat fit a mold instead of fitting a mold to the meat. For boned 
beef, which was handled the same way, a mold had to be made which 
would take care of the varying sizes of quarters. Working on this 
basis, a wedge-shaped mold was produced for hindquarters of beet 
measuring: top, 2314 by 514 in. (59 by 13 cm.); bottom, 20 by 4 in. (50 
by 10.16 cm.); length over-all, 5 ft. 1 in. (1.77m.); length up to flange, 
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4 ft. 1014 in. (1.5 m.); external dimensions of top including flange, 
2614 by 834 in. (67.3 by 22.2 cm.). After experimenting to find 
some of the characteristics of a boneless quarter of hot meat, a method 
had to be devised of getting the meat into the mold — drawing it 
into the mold by a vacuum applied at the lower end. 

Since this work was carried out in wartime with the scarcity of 
all classes of metal, it was essential to have rapid freezing so that a 
large amount of meat could be frozen in a few molds. For this reason 
the brine bath with circulating brine was discarded in favor of a 
brine spray directly on the molds, breaking up the brine into a fine 
spray to get the maximum rate of heat removal from the mold. 

The plant, constructed to hold the molds and sprays, was a simple 
one of wooden racks open at one end with molds resting on the 
wooden racks. Flanges were provided at the top of the molds, 
which were slid into the racks by an overhead electric conveyer that 
picked them up from a truck, filling each rack in turn. The filling 
apparatus consisted of chutes down which the meat was sent from 
the boning-room, passing through a movable funnel into the mold 
on the trucks below the funnel. 

The discharge of the meat was simple: Each mold was sprayed 
with warm water-compressed air, admitted through the same pipe as 
had been used for vacuum for charging. An electric hoist lifted the 
quarter from the mold, depositing it for removal to cold storage. 

The freezing plant and the temperatures and pressures used saved 
time and space, as compared with other systems of freezing. An 
installation with racks for 600 molds, which could be brine-sprayed 
at one time, complete with overhead conveyers for transporting the 
molds, was placed in a beef chill room formerly used to chill 120 
beef carcasses, which could be reduced to the required temperature 
for shipping in approximately eight days. The mold-freezing plant 
gave the same heat elimination from 600 molded quarters of 150 beet 
carcasses in approximately seven hours. 

The time taken to freeze slab beef varies from six to seven and 
one-half hours, depending principally on the size of the quarters. 
Removal of the meat from the molds takes place when the highest 
temperature at the interior of the thickest end of the mold is at 
_1.6° C., the outside temperature being between —19" and —17.5 
C. Heat removal is practically complete, but, before stacking, the 
temperature of the slabs is permitted to equalize, the interior tem- 
perature falling and the outside temperature rising. This was done 
in storerooms at a temperature of approximately —11° to —12” & 

Other methods were used, but in all cases, to get a rapid transtler 
of heat and to mold the meat to save stowage space, metal contact 
was used with the molded meat. The molds were either placed on 
direct expansion pipes or exposed to forced circulation of cold air. 
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Freezing Meat Cuts 

Thus far, only the freezing of meat in carcasses or in quarters has 
been considered. Freezing cuts of meat presents another problem. 
A well-known process of freezing in bags of latex or Phofilm collapsed 
in a vacuum can be applied to cuts of beef, mutton, or pork. ‘The 
freezing of the thicker and heavier cuts of beef or of poultry, presents 
another problem. Experiments show that there are great commercial 
possibilities in this if cuts can be produced and are so frozen as to 
have an appearance and quality at least as good as that of chilled 
beef. 

If a compact plant is required, without the expense of powerful air 
blasts, freezing in close contact with metal or directly with the refrig- 
erant is essential; this can only be done when the meat is handled 
while it is still sufficiently pliable, before rigor mortis has advanced 
too far. ‘Phe molding of meat in contact with metal, carried out 
under these conditions and frozen rapidly enough, gives quarters of 
beef characteristics of quick-frozen meat, which hitherto it had been 
believed could only be obtained by passing through the critical stage 
in less than 30 minutes. This means that large pieces of meat can 
be frozen rapidly and economically, molded to shape, and later cut 
into packages for distribution. There has been little development 
of this technique, which can fit in admirably with the increased 
volume of packaged meats being sold in self-service stores. 


CHILLED AND FROZEN POULTRY“ 


The material presented in the first sections of this portion of 
Chapter 10 is based largely on experience in the United States of 
America. It will serve to illustrate the basic principles involved in 
the chilling and freezing of poultry, Experience in Denmark is sum- 
marized in the final sections. 


Cold-storage Poultry 


The importance of this aspect of the refrigerated food industry 
may be illustrated by the fact that approximately 1,000 million head 
of chickens are produced in the United States of America each year. 

vd . . E ‘OOR . . y , s ~ . ‘ . 
About 500 million pounds (226.8 million kg.) of this product is 
frozen. 

Years ago, frozen poultry was considered inferior to fresh poultry. 
> ? . . 7 . . . as! 
Poultry which had been killed some time previously and then 
stored, even at a low temperature, slowly took on a “cold-storage 

Cc 





wy. > - - " - 4 i ly 
Based on a paper presented by D. K. Tressler. 


flavor.” “The longer the product was stored, the more pronounced 
was the flavor. Eventually, the poultry became slightly rancid, and 
later very rancid. It was a common practice 30 years avo, and perhaps 
even 20 years ago, for butchers selling poultry to sell fresh poultry 
during the season, then buy frozen poultry in the off-season, thaw 
it (usually by immersion in tanks of running cold water), and _ sell 
it to the unsuspecting housewife as fresh poultry. 

Thirty years ago, when storage temperatures for poultry were 
running around —15° to —18° C., poultry had this definite off-taste. 
Some of the lawmakers knew that representing frozen poultry as 
fresh was a bad practice, but they did not stop it. However, they 
usually made the butcher or grocer who sold thawed poultry put up 
asign: “Cold Storage Goods Sold Here.” 

Today the situation has changed considerably. Some cold-storage 
poultry has a “cold storage taste,’”” but, for the most part, it is so 
good after it is cooked that it can hardly be distinguished from 
freshly killed birds. 


Chilled Poultry 


There is not much difference between chilled poultry and_ the 
so-called freshly killed poultry. Both are chilled, but “chilled” 
poultry is usually cooled at a central plant where refrigeration 
methods are better. Sometimes, live birds are sent to market, killed 
by the grocer or butcher, and sold without removal of feathers as 
freshly killed poultry. 

Chilled poultry is highly perishable. Even if quickly chilled to a 
temperature of 0° C., it is next to impossible to keep a freshly killed 
product for longer than seven days. After that, there is the danger 
of bacterial growth, which is usually discernible either by an ob- 
jectionable odor or by the development of peculiar colors around 
the vent and various other parts of the carcass. 

Poultry is killed and handled in pretty much the same way, regard: 
less of whether it is to be chilled or frozen. Chilled poultry ts cus- 
tomarily handled either as ice-packed stock or box-packed stock. Ice- 
packed stock is handled like fresh fish, except that in the United 
States the poultry is packed into barrels in layers. Each layer ol 
poultry is covered with a few shovelsful of ice and the top is covered 
with ice. For box-packed stock, the product is chilled in boxes, and 
kept in a cool room at about —1° C. until marketed. It is believed 
that the box-packed product not packed in ice keeps somewhat longer 
than that packed with ice, because ice keeps the surface wet and 
bacteria thrive better on a moist surface than on a nearly dry surface. 
Chilled poultry is seldom eviscerated before sale. After chilling, it 
is transported under refrigeration directly to the retail market and 
kept in the market cooler until sold. 
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Preparation for Freezing mp. 

In many United States plants for example, the procedure of killing, 
slack scalding, and plucking is not much different from that com- 
monly practiced in Denmark. ‘The system of moving the carcasses 
from one part of the plant to another is also substantially the same. 
However, in the United States, there are at least three systems for 
killing the birds, scalding them, and removing the feathers. a 

For killing, there is now a more or less automatic system. The 
operator hangs the bird on a shackle, which is conveyed through the 
killing and knifing machine. The head of the bird is subjected to a 
high-voltage electric shock, then a high speed rotary knife cuts through 
the veins and arteries of the neck, causing rapid bleeding. This 
process is used in some of the most modern automatic plants in the 
country. ‘Pwo other processes are used, in one of which only the 
veins of the neck are cut by inserting a knife in the bird’s mouth; 
in the other the knife is thrust through the mouth into the brain, 
and, as the knife is removed, an artery is cut. ‘Thrusting the knife 
into the brain is necessary in the dry-picking method. In dry-picking, 
the feathers can be pulled out without scalding, provided the plucking 
of the bird is started at the instant of killing. By this process the 
bird passes immediately after the knife thrust to a second operator, 
who immediately pulls off all the larger feathers. At that moment, 
when the bird is still warm and the brain tissue has been destroyed, 
the feathers can be pulled out very easily. 

The slack-scalding system is used in the United States more than 
any other. ‘Ihe temperature of the water must be exactly right — 52° 
to 54° C. — and the bird should be immersed for not less than 20 
seconds and not more than one minute. ‘ 

Various types of picking or plucking machines are used to remove 
the feathers. Machines used pick off a high proportion of the 
feathers by the slapping of fingers and the use of rubber suction cups. 

In the United States, locker operators kill and pick poultry. In 
smaller locker plants, one small picking machine does the whole 
operation. In the larger plants, more complicated machines are used. 

The wax-picking method may be briefly described as follows: After 
the larger feathers have been removed, birds that have been semi- 
scalded are dried and dipped into a wax bath. The wax is largely 
paraffin, with other ingredients to give it the desired characteristics. 
Since the bird is relatively cool, the wax solidifies quickly on its skin. 
I he bird goes a few feet down the line while the wax sets. Then 
It is cracked and stripped off, pulling with it the hairs, feathers, and 
practically all the pin feathers. Such an operation eliminates a ereat 
deal of the work of plucking. At certain seasons, when poultry has 
a considerable number of small feathers, the use of this system saves 
a great deal of labor. The disadvantage is the cost of the paraffin, 
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but tt can be used over and over. After use, the wax and feathers 
are warmed, the wax is drained off and filtered to remove dirt and 
very fine pin feathers. With clarifications, the parafhin can be used 
almost indefinitely. When the waxing is not used, the birds are 
usually singed after picking. 

The next operation is chilling. ‘This is done by hanging the birds 
on a rack, which is then pushed into a room maintained at about 
—1° C. 

In some plants polutry is packed and frozen without previous 
chilling. It was formerly believed to be absolutely necessary to chill 
the birds before packaging. Otherwise, it was thought that if the 
birds were eviscerated and packed into containers while warm, they 
might spoil before freezing. It is probable that this idea arose from 
the practice of packing the birds into wooden boxes, putting any- 
where from 12 to 24 in a single box. If warm poultry is packed 
in a wooden box and then stacked up to freeze, even if a low tem- 
perature is used, the entrails are likely to spoil before the birds 
are frozen. Today, some of the plants immediately cut up the birds 
to be disjointed, or package individual carcasses and put them in 
to freeze, completely eliminating the chilling process. ‘This works 
quite well with lean birds, but with fat chickens, ducks, or geese 
the hands of the packer become greasy and grease is smeared over the 
wrapper or carton. It has been found that a bird can be frozen in 
less time and a better quality obtained if the chill room is eliminated 
and the products are packaged and frozen individually. It is perhaps 
the best way of producing a product with a low bacterial count, and 
a high quality which will stand up for a long time in the freezer. 

Many plants in the United States do not eviscerate the birds, but 
pack them in paper-lined wooden boxes. 


Freezing 


Instead of stacking the boxes solidly for freezing, it is best to 
allow large spaces between them so the air can circulate around each 
box to speed up freezing. However, if birds are packed 13.5 kg. or 
more to a single box, it is obvious that no matter how they are. 
frozen a truly quick frozen product will not be obtained because 
of the mass being frozen. 

In 1930, when Clarence Birdseye started to popularize frozen foods, 
he believed that the housewife would buy frozen poultry if she was 
assured of high quality. He selected only the best birds and evis- 
cerated them, leaving no blood inside and no feathers outside. He 
wrapped the giblets (liver, heart, and gizzard) in moisture-prool 
cellophane or paper and placed them in the abdominal cavity of the 
bird. Roasting chickens were wrapped in moisture-proof cellophane 
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and a stockinet slipped over them. Housewives found that chickens 
packed in this way and quickly frozen in multiplate freezers wer¢ 


excellent. 


Storage Temperatures 

Storage temperatures used for frozen poultry should be low if 
poultry is to be kept for any considerable period of time. Even 
though it is probable that the poultry is to be sold within three 
months, it is wise to hold it at a low temperature. If three months 
pass and the poultry is not sold, it can be held longer. And, if it is 
sold to someone else and he holds it, the product will still be good. 

What is meant by low temperature? A survey made in 1936 of 
storage temperatures used in United States cold-storage warehouses 
for poultry indicates that the storage temperatures commonly used 
for poultry were some place between a maximum of —23° C. and 
a minimum of —32° C. Practically no poultry was stored at a 
temperature as high as —18° C. As long ago as 1936, it was realized 
that if poultry is to be held for six months or longer, it must be 
kept at a very low temperature. As a rule, poultry is killed and 
frozen in August, September, and October, and is put into storage 
for an indefinite period. Some of it is moved in November, some in 
December, some as late as May, so it is better to store at a temperature 
that will keep it in excellent condition for its maximum storage life. 


Packaging 


The Birdseye system of packing in use in 1930 is described above. 
Much of the eviscerated poultry is still individually packed in this 
way. About 1939 the Cry-O-Vac process was introduced, using a 
rubber latex bag in which the bird was inserted and a tube put into 
the neck of the bag. A vacuum was drawn and simultaneously the 
bag was placed in a current of warm air, causing the latex bag to 
contract tightly against the skin of the bird. This process was used 
until after the war began. Then no rubber latex was available, and 
moisture-proof cellophane was again used. Today, Pliofilm and 
other plastic materials are being used to accomplish the same purpose 
as the rubber latex. In general, if poultry is properly packaged at a 
low temperature it keeps for a very considerable length of time. If 
the surface flesh of the bird is kept from contact with the air, thus 
slowing up oxidation, rancidity is greatly retarded. 

In general, then, two things must be done in order to prevent 
the development of rancidity and “cold storage taste.” 1. Package 
properly to prevent desiccation, loss of flavor, and oxidation. 2. Keep 
the packaged product at a low temperature. 

There are different ways of packaging poultry other than putting 
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the whole bird into a bag or wrapping in moisture-proof sheeting, 
A great deal of poultry in the United States is disjointed and packed 
in cartons before freezing. Perhaps such a product would be accepted 
in Europe, if the idea were tried. 


Broilers 


Frozen poultry constitutes a substantial proportion of the frozen 
food being sold in the United States today. Roasting chickens and 
fryers are popular, and there is also a great business in broilers— 
small chickens of about 114 to 2 Ib. (0.68 to 0.91 kg.) each, live 
weight. ‘They are fed so that they grow rapidly, and the flesh is 
very tender. ‘They are marketed frozen, split in two down the back- 
bone, but the two halves are put back together. The giblets are 
wrapped in moisture-proof paper and placed in the abdominal cavity. 
Then the broiler is wrapped in a moisture-proof wrapper, put in a 
stockinet and frozen. Cooking is done rapidly under open gas 
flames or with electric heat directly above the chicken. ‘The sur- 
prising thing is that broilers commonly sell on a weight basis at a 
price considerably under roasting chicken. 


Storage Changes 


Some research work on conditions of packaging and storing of 
poultry so as to obtain a product of the highest possible quality and 
to determine probable factors in the deterioration of frozen poultry 
was carried out at the New York State Agricultural Experiment Sta- 
tion in 1940.* Here are some of the conclusions: 


The results indicate that changes of flavor of the flesh 
parallel to some extent the flavor of the fat. They also show 
that the kind of wrapping material employed has an influ- 
ence on the keeping quality of the product. Flavor changes 
were noted sooner in the chickens packaged in the waxed 
paper (the so-called locker paper) which had a high moisture- 
vapor-transmission rate, than in those packaged in more 
moisture-vapor-proof materials. “Che chickens wrapped in 
waxed paper, then stored at —12°C. lost 10.7 percent of their 
weight (moisture) in six months. Losses from chickens 
packaged in waxed paper and stored at —18° C. amounted 
to 4.7 percent in 12 months and 6.4 percent in 20 months. 
Losses from chickens packaged in a specially coated sulfite 
paper were 1.5 and 2.4 percent at —18° C. in 12 and 20 


*DuBois, C. W., Tressler, D. K., and Fenton, F. The effect of rate of freezing 
and temperature on the quality of frozen poultry, Refrig. Engineer. 44: 93-99, 1942. 
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months respectively. Losses from chickens packaged in 
moisture-vapor-proof viscose sheets and in rubber latex were 
slight at all temperatures. 

It was noted that the undrawn birds lost less weight than 
drawn birds packaged in the same way. This may be 
explained by the greater exposed surface in the drawn birds. 

In Table No. 10 are indicated the storage periods before 
rancidity was noted in the fat of the poultry. From these 
data, it appears that the interior chicken fat becomes rancid 
in five months’ storage at —9° C. and at —12° C. At 
18° GC. chicken fat shows signs of rancidity in ten months, 
and at —22° C. there is some tendency toward rancidity in 


Tape 10.—Resutts oF Tests For RANCIDITY OF THE FAT OF CHICKENS HEID Atl 
VARIOUS STORAGE TEMPERATURES 








| Incipient | 
Storage |  rancidity | Definite 
Lest | temperature | noted rancidity 
a A ee ee Py ee err 
Active oxygen — 9 | 2 | 3 
Organoleptic |. =— 9 | 2 3 
Active oxygen ror —12 4 5 
Organoleptic ; —l2 4 5 
Active oxygen —18 | 10 | eb 
Organoleptic . . —I18 10 > 12 
ACtVe. OxVPEN 0). :; =e 18 > 20 
Organoleptic . Ee | 19 | > 20 


18 months. In making these examinations, it was found that 
the fat in the cavity of the drawn bird turned rancid sooner 
than the external fat. The quality of the internal fat was, 
therefore, used as the criterion, since this fat seems to affect 
the flavor of the whole chicken when it is cooked. The ran- 
cidity tests indicated that the drawn chicken developed 
rancidity in the cavity sooner than the undrawn_ bird. 
However, it will be remembered that drawn birds received 
a somewhat higher palatability rating than the undrawn one. 
Perhaps a solution to the problem is to eviscerate the poultry, 
package in moisture-vapor-proof materials, and then store 
them at a sufficiently low temperature. 
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Chilling and Freezing Poultry in Denmark'' 


. Before 1932 Denmark imported a fair amount of killed poultry 
from various countries. At that time, the greater part of the pro- 
duction for killing was old hens and cockerels as by-products, when 
a great stock of young ege-layers were maintained. 

The bulk of the killed poultry was consumed by more than 300,000 
poultry breeders in Denmark, but, since it was mainly a by-product 
of egg-production, the killings were, to a great extent seasonal. There 
was a chicken season in June, July, and August, when most of the two- 
or three-month-old cockerels were killed, and a hen season in Sep- 
tember and October, when most of the hens were replaced. Conse- 
quently, in these seasons large quantities of killed poultry were 
offered for sale at low prices, whereas in other seasons poultry was 
scarce. 

Most of the poultry was killed by the farmers themselves, or by 
small wholesale buyers, and for sale immediately after killing at the 
prices then obtainable. It is evident that much seasonal fluctuations 
offered good possibilities for economic advantage through preserva- 
tion of the poultry for sale when it was more scarce. However, since 
the freshly killed poultry was purchased by a great number of small 
wholesale buyers, who promptly resold it to retail dealers, little or 
none was frozen and put into cold storage. 

Rapidly increasing egg production and the desire to replace layers 
at a still younger age caused a steep rise in killing of hens and 
chickens in the early thirties. The difhculty in finding a satisfactory 
market for the killed poultry resulted in foundation of four co- 
operative poultry slaughterhouses in 1932-34, two in Jutland, one on 
Fyn, and one on Zealand, so that any poultry breeder in Denmark 
could become a member and deliver his poultry to a co-operative 
poultry slaughterhouse. 


The establishment of these slaughterhouses, which coincided with 
the foundation of a number of rather small private slaughterhouses, 
resulted in killing nearly all poultry for marketing in a few slaughter- 
houses. In consequence of this centralization, Denmark's imports of 
poultry stopped, and a considerable export was created. About 90 
percent of the export went to Germany, but, although a great deal 
of poultry was frozen in that country, a considerably lower maximum 
price was fixed for frozen than for fresh poultry. ‘This lessened the 
advantage of refrigerating poultry for that market. By selling on the 
home market — where before the war half of the poultry killed in 





“Based on a paper presented by A. I. Jorgensen. 
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Danish slaughterhouses was sold — the advantages of freezing could 
be taken into account. But it took some years for the Danish popu- 
lation to recognize that frozen poultry is almost as good as fresh. This 
was partly because the first freezing experiments were unsuccessful, 
the poultry had been kept under bad conditions for some time before 
refrigeration, which was done at too high a temperature. The cold- 
storage space available at that time was not constructed to freeze 
at a lower temperature than —10° C. ‘This temperature was par- 
ticularly unsatisfactory for freezing ducks and geese. One experiment 
showed that the fat turned so rancid in a few months that the 
poultry was almost unedible, whereas hens, chickens, and turkeys 
stored at the same temperature were all right. 

Danish poultry freezing plants now freeze at a temperature of 
—25° C., whereas storage rooms are kept at a constant temperature 
of —18° C. All poultry (including ducks and geese) can be stored at 
these temperatures for many months without deterioration. 

The chilling of the poultry is done at a temperature of 0° to —3° 
C. Hens and chickens are placed on shelves on wooden racks, the 
breast against the shelves so that breast and legs acquire an attractive 
shape before packing. Ducks and geese, on the other hand, are 
suspended in forks by their necks, so that the intestines sink into 
the belly. This gives them the shape desired by the consumers in 
Denmark, where practically all the ducks and geese are sold. 

All poultry must be transferred for chilling as soon as possible 
after killing, especially in summer. Chilling is done by a current 
of cold air. When, in the course of a few hours the carcasses are 
nearly cool, they are moved into another chilling room, which has 
no forced air circulation. The poultry is packed 12 to 24 hours after 
killing. A considerable part of the poultry is sold in Copenhagen 
unfrozen, but since the killing is, to a large extent, seasonal, much is 
also frozen for later sale on the home and export market. Sales to 
importing countries are not constant, because of their domestic pro- 
duction and because of the difficult trading conditions. Before the 
war Germany and the United Kingdom were the principal buyers 
of Danish poultry, but no possibilities have existed since the war 
lor export to these countries. 

The present uncertain markets, because of their distance, necessi- 
tate careful handling of poultry before shipping. Most of the poultry 
so far has been sold without drawing, but in exporting to Switzer- 
land, hens, chickens, and turkeys have to be drawn in order to meet 
government requirements. An increasing number of countries want 
to buy drawn poultry. Drawing involves a loss in weight of about 
10 percent, but because a 10 percent higher price cannot be obtained, 


no definite plans for the production of drawn poultry have been 
made up. . 
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Workers in Denmark are aware that poultry in the United States 
of America is often disjointed and marketed so that consumers can 
either buy the complete disjointed bird or only parts, such as breasts, 
wings, or thighs. A few years ago there was an attempt to. sell 
eviscerated chickens in Copenhagen, but it failed. Disjointed poultry 
most likely will be still more difficult to sell than eviscerated poultry 
— most Danish housewives feel that a chicken should be fried with- 
out being cut in order to avoid losing flavor and juiciness. 

It is possible that, among other things, lack of domestic help will 
alter the position in future. In that event, Danish refrigerating 
methods perhaps will have to be altered, but as long as poultry is more 
expensive than other meat and, therefore, not used very often, an 
important business in disjointed poultry can hardly be expected in 
Denmark. 


MISCELLANEOUS FROZEN PRODUCTS 


Grape Juice 


Grape juice, one of the important juices produced in the United 
States of America, is also one of considered importance in various 
countries of Europe, especially Switzerland and Germany. Grapes ol 
the Labrusca type, used for juice in the United States, are quite dif- 
ferent from Vinifera grapes grown in Europe. 

The first step in juice-making, by both the old and the new 
methods, is to heat the grapes to free the juice and to extract the 
color from the skins. After the grapes are pressed, it is necessary to 
eliminate the argols or tartrates; otherwise the juice is muddy and 
harsh. According to old process, the grape juice, while still very 
hot, is put into large carboys and held in a cold cellar for at least 
three months, but usually for six or nine months. During that 
period, the argols precipitate, after which the grape juice is carefully 
siphoned off and reheated to 82° C. Then it is run into bottles, 
which are filled completely and closed with crowns. 

By the new process, the freshly pressed juice is run into a large 
tank in an insulated room. As a rule, there is a refrigerated coil in 
the room and one in the tank. Brine is run through the coils and the 
juice is frozen into slush (—5° to —10° C.). In about a month or 
six weeks the argols are precipitated. “Then the juice is allowed to 
thaw out slowly. When it reaches a temperature slightly above 
freezing, it is siphoned off from the sludge on the bottom, ‘The 
juice is then flash-pasteurized by passing it through a heat exchanger, 


“Based on a paper presented by D. K. Tressler. 
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as in the old process, and run into bottles, filling them completely 
full and closing them with crowns. A temperature of 82° C. sub- 
stantially sterilizes the juices, but it does not kill all the molds. 
However, if bottles and jars are filled full, there is not sufficient alr 
to permit the growth of molds. “This new process eliminates the need 
for a large number of carboys to hold the juice during storage, and 
ereatly hastens the juice-making process. 


Orange Juice 

Large quantities of orange juice are frozen in the United States 
of America which grows a tremendous amount of citrus fruit, espe- 
cially oranges and grapefruit. Most of the oranges are grown 1n 
Florida, California, Texas, Arizona, and a few other states. ‘Thou- 
sands of carloads are transported to the north. In November and 
December and in the summer oranges are expensive, in midwinter 
they are cheap. Because of the price difference and because of the 
advantage of transporting a relatively small weight in a compact con- 
tainer, the freezing of orange juice has attained considerable im- 
portance. 

Orange juice is one of the easiest substances to oxidize, and oxida- 
tion gives it a peculiar flavor. The United States has so many fine- 
quality oranges that the public will not buy orange juice with an 
oxidized taste. Orange juice is canned by a process similar to that 
for bottling grape juice, but the can or bottle must be kept in re- 
frigeration, not because of spoilage by micro-organism, but to prevent 
objectionable changes which occur in the juice during storage at 
temperatures of 15° C. or higher. 

Frozen orange juice is a splendid product when packed in her- 
metically sealed containers. ‘They must be resistant to the action of 
citric acid, which is contained in all citrus juices. “The juice should be 
frozen rapidly so that small crystals of ice are formed in it. ‘This pre- 
vents all the pulp from settling to the bottom when the juice is 
thawed. One of the best machines for freezing orange juice is the 
Finnegan tubular immersion freezer, which has an outer shell and 
an inner tube. ‘The outer shell contains alcohol at —25° or —30° C. 
Hermetically sealed cans of orange juice are fed into the tube, 
rotating as they drop through it. At that temperature the juice freezes 
rapidly. This system provides rapidly frozen orange juice of very 
good quality if careful chemical control is maintained. 

Until about 1944 or 1945, orange juice was frozen without con- 
centration, A new industry has arisen—the freezing of orange con- 
centrale. 

Much orange juice is concentrated either by vacuum evaporation 
at a temperature not exceeding 60° C. or by freezing the juice, then 
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breaking up the blocks of frozen juice and centrifuging the resultant 
slush to obtain the concentrate, or. pressing out the concentrate. 
This produces a concentrate with 55 to 60 percent of soluble solids, 
which does not freeze to a hard brick. The great disadvantage of 
ordinary frozen juice is that the housewife has about as much trouble 
thawing the juice as she has in squeezing the oranges. As a rule, the 
price of ordinary frozen juice and fresh oranges are about the same, 
so she buys the fresh oranges because she does not like thawing the 
juice. But, if the frozen concentrate is used, it is not necessary to 
thaw it beforehand. It is merely put into a pitcher, three volumes 
of cold water are added, and, after stirring or pouring over, it is 
ready to serve. Since the concentrate is a slush, it dissolves quickly 
in water. This concentrate is very largely replacing the ordinary 
frozen orange juice. Since most of the oranges in the United States 
are transported 1,000 to 3,000 miles, there is a significant saving in 
freight costs. ‘This saving is sufhcient to pay for the evaporation and 
processing, and the concentrate can still be sold to the public at a 
somewhat lower price than ordinary orange juice. 


Fruit Purées 

There is a considerable business in the United States of America 
in making a fruit product called a “purée.” It is made by putting 
fruit through a sieve to remove and eliminate large seeds, seed cells, 
coarse fibers, and skin. The product is the same as that used in 
Europe to make jam; in the United States it is used to make fruit 
butters. A great quantity of these purées is also used in flavoring 
ice cream. 

Some fruits, for example raspberries, are, without preliminary treat- 
ment, forced through a sieve or screen. Other fruits, for example 
peaches and apricots, are heated just enough to soften the fruit before 
it is put through a sieve. Sugar, sugar and pectin, or sugar and 
gelatin are added, and then the product is frozen. Freezing is done 
in various ways, one of them by using a machine similar to the ice 
cream freezer with the beater arms omitted. 


Cooked and Baked Goods 


Freezing of cooked foods has been done since 1930, but there 
was no great business in it in the United States of America until 
about 1942. During the war, frozen cooked foods became very popu- 
lar. Because of rationing, the shortage of tin plate, and other reasons, 
some products ordinarily sold in cans practically disappeared from 
the market. Frozen cooked foods replaced scarce canned foods, but, 
unfortunately, the price of these frozen products rose. There are 
many reasons for these high prices: 
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In the first place, cooked food requires a better container than raw 
lood. 

Secondly, most cooked food requires considerable labor, most ol 
which must be done by experts at good wages. Consequently, the 
cost of these foods, in many instances, is out of the reach of the 
ordinary laboring man. After the war, when fresh food became 
available in unlimited quantities, people bought less frozen cooked 
foods, but there still is a fairly good sale of many items. One reason 
is that many women work in offices and factories in the United States 
and have little time to prepare meals with fresh food. Prices have 
dropped a little on the products most in demand, for instance, 
French fried potatoes, which are very popular. Housewives do not 
like the work of preparing potatoes; the frying causes a smell in the 
house, and smoke from the cooking fat deposits on the walls. She 
can reheat frozen cooked potatoes in fifteen minutes and save time 
and work. Perhaps they are not quite so good as the best fresh French 
fried potatoes, but they may be as good as those cooked by the 
average housewile. 

A few of the many cooked foods being frozen in the United States 
include: hors d'oeuvres, canapés, sandwiches, soups, cooked meats 
and meat dishes such as veal loaf, meat loaf, beef stew, veal stew, chile 
con carne, corned beef hash, roast beef hash, stuffed peppers, veal 
cuulets, steak, chicken a la king, creamed chicken, fried chicken, 
chicken pie, chicken giblets and rice, roast duck, turkey hash, meat 
pics of various kinds, codfish cakes, fish chowder, creamed tuna, 
creamed salmon, salmon loaf, clam chowder, oyster stew, shrimp sand- 
wich spread, lobster stew, lobster Newberg, baked beans, lima beans 
baked with ham, meat balls and spaghetti, macaroni and cheese, 
Welsh rarebit, chop suey, giblet gravy, fruit salad, fruit cocktail, 
various bakery products, and potatoes. 

The most popular of all these items is potatoes; production goes 
into millions of pounds. If sliced potatoes are frozen and_ then 
thawed, the result is a miserable black product no one would eat. 
sut, if they are scalded to inactivate enzymes, potatoes can be frozen 
without discolor ation. Some are frozen without being cooked. They 
are peeled and washed simultaneously by machinery, then they are 
cut automatically and steamed long erough to heat them up to 
v0" C. They are cooled by fan, air, or ice water. Then they are 
packaged in moisture- vapor-prool packages and frozen. That is the 
process for freezing raw potatoes—they are slightly cooked but still 
taste raw. 

The process for preparing French fried potatoes is pretty much 
the same at the start. The potatoes are peeled, washed, and cut 
mechanically. After this, they. pass automatically on a conveyer belt 
to a steam chamber where they are heated about two minutes to 
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inactivate the enzymes. Then they are dried by air currents. The 
potatoes are automatically emptied into a deep fry-bath, which is 
usually heated electrically at a carefully controlled temperature. At 
the end of the frying operation, they are usually heated to a slightly 
higher temperature to get the desired brown color. Then they are 
conveyed by another belt for about 20 feet (6.09 m.) to allow the 
fat to drain off. This belt is brilliantly lighted for inspection. ‘The 
potatoes are emptied into a packaging machine, which fills, closes, 
and seals the packages. 

It is important that potatoes are uniform in color and flavor. 

Potatoes have to be stored at a uniform temperature of about 4.5) 
C. in order to maintain the sugar content at a uniform level. Potatoes 
stored at temperatures under 4.5° C. build up their sugar because 
of too little respiration. At temperatures above 4.5° C., the sugar 
is used up and the potatoes become too dry. If they have been stored 
at a temperature lower than 4.5° C. they can be greatly improved for 
culinary purposes by allowing them to remain at about 15° C. for 
two or three weeks. In commercial freezing operations, a chemist 
should be on the job to watch the relationship between sugar and 
starch content. 

One very popular potato product, better frozen than fresh, is 
known as “puffs.” They are prepared by mixing mashed potatoes 
with egg and a little sweet potato. “he mashed potatoes are extruded 
like a doughnut and dropped into hot fat; they puff up as they 
cook. A process of freezing mashed potatoes has also been  per- 
fected. 

A long list of cooked foods is now frozen commercially in_ the 
United States, but it would not be advisable for any European 
restaurant, hotel, or commercial enterprise to go into the business 
of freezing any of them without a long period of experimentation. 
In Europe the methods would have to be different from those in 
the United States of America in order to get the flavor, texture, and 
quality desired in cooked foods. One important line of research in 
the Birdseye Laboratories between 1929 and 1933 was the freezing 
of cooked food. That research cost a great deal of money. Before 
going into the business, much research and pilot plant work must be 
done, followed by a gradual increase in the scale of operations. ‘The 
product offered must be as good as the housewife can produce and 
capable of standing up under six-months’ storage. In many labora- 
tories no product is considered satisfactory until it will stand storage 
for at least a year. 

There are difficulties with gravies, sauces, and particularly jellied 
foods: freezing tends to coagulate the colloidal condition of these 
products. Other ingredients must be added to, or substracted from, 
the recipes. Contrary to what may be expected, fats turn rancid 
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rather rapidly in cooked foods. Cereals in a formula may act as 
antioxidants and prevent rancidity. In cooking green vegetables the 
chlorophyll is altered, often becoming a dirty gray, a condition that 
is exaggerated duriny freezing and storage. Frozen fully-cooked vege- 
tables look like canned vegetables. The buyer expects to find some- 
thing equivalent to tresh products, not canned. 

During the war, cooked foods frozen on the plates were reheated 
and served. They are now used to a great extent for United States 
aircrews and passengers. This has proved an excellent way of supply- 
ing these people with meals of good quality. The product is fairly 
good, but the prices are high because it includes the cost of trays and 
paper, labor, etc. The housewife must still pay as much for these 
assembled meals as for a meal in a restaurant. 

Cooked food plants must be sanitary. ‘This is very important. It 
these foods are contaminated during handling, there may be trouble. 
In Chapter 7 it is pointed out that cooked food should be packed 
hot. This is all right if it is rapidly cooled, but in general it is 
easier to cool before packaging than after. Beware of the cooling 
problems, especially with very viscous foods. 

The general use of home freezers has caused an increase in the 
sale of commercially frozen foods. Once familiar with the use of 
frozen foods, housewives buy more from their grocers. Some house- 
wives have the goods delivered at their home. One company rents 
frozen food cabinets at a low cost and then delivers frozen food once 
a week. Persons who own home freezers use about twice as much ice 
cream as those who do not. When ice cream is always available in 
the home kitchen, much more is used. 


Bakery Products 

Freezing of baked goods is not new. Eastern Quebec (Canada) is 
a very isolated region, rather barren, and very cold, and the people 
are isolated from the rest of the country. Because of that, they live 
pretty much as they did in 1800. They freeze their bread in the 
late autumn for use in winter, and have been doing this for 
centuries. 

Bread has been frozen by modern methods and held for a year 
at —I8° C. At the end of that time, it was equivalent in freshness 
to day-old bread. Another development is to make yeast rolls, put 
them into paperboard containers for freezing, and sell them to the 
housewives. It takes less time to bake the frozen rolls than to 
turn out fresh bread. Two or three times as much yeast must be 
used when freezing. 

Most cake batters and pies freeze very well. Pies can be frozen 
cither before or after baking. As a rule, the most popular are 
those frozen before they are baked. After freezing they are wrapped 
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in moisture-proof cellophane, put in a package and placed in stor- 
age. Deep-dish (single crust) pies are also frozen in shallow con- 
tainers made of heavy aluminum foil. It is very difficult to tell the 
difference between freshly baked pies and those frozen about six 
months previously and then baked. Peaches and apples, however, 
require special treatment if they are to be used in pies which are 
to be stored for a long time. 
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11. Transportation of Chilled 
and Frozen Foods 


in Europe’ 


FROZEN BEEF was the first commodity which required retrig- 
erated railway transport in Europe at temperatures below freezing. 
At first ice was used to eliminate the heat-flow from outside, but it 
was soon found that a considerable amount of salt had to be mixed 
in, which caused the ice to melt very rapidly. If little or no salt was 
used, the result was that the colder beef absorbed heat, both from 
heat-flow from outside and from the ice. 

Another difficulty was that the colder beef attracted moisture 
from the melting ice, and mold developed on long journeys. Even 
after comparatively short journeys. followed by re-storing inland, 
mold was nearly always unavoidable. It took some time before ship- 
pers realized that the use of ice for transport was not only an un 
necessary expense, but often did more damage than good. 


THE *‘A'’ TRUCK 


At present the so-called “A” truck (refrigerator car) for the 
transport of frozen beef is considered the best. It is a two-axled car 
with no facilities except a perfectly closed box, insulated with 10 
or 12 cm. of cork or peat, and with a loading capacity of at least 
15 tons of frozen bect. By leaving out the ice-container and the 
hanging bars for chilled meat, it was possible with a two-axled car to 
get a ratio of 1:1 between weight of car and loading capacity. The 
heat-low of this car is never more than 1,400 calories per 1° GC. dif 
ference over 24 hours. 


‘Based on a paper presented by H. J: Jerme. 
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This type of car is mostly used for perishable goods, which at 
loading have a temperature of at least —8° C., and which either 
move directly into consumption or after a short journey are again put 
in low temperature storage. | | 

The difficulty in using a standard refrigerator car for transporting 
fresh-killed meat from one center in kurope to another over un- 
precedented distances, was mainly that fresh-killed meat, not cooled 
before transport, requires quite different facilities than chilled meat. 
Uncertainty as to whether the slaughter-house had facilities fon 
cooling made it necessary to have cars which could be used in both 
situations. 


THE STANDARD REFRIGERATOR CAR 


Facilities for both purposes were embodied in a standard re- 
frigerator car first constructed for the Danish State Railway, but 
ignorance in handling the car caused much damage during transport. 

Fresh-killed animals on the continent are often loaded into the 
car immediately or very shortly after being killed. For such meat it 
is necessary to have a constant draft of outside air blowing through 
the car to carry off the animal heat of the carcasses. This constant 
draft keeps the carcasses dry and makes it more difficult for bacteria 
to multiply. When the car is used for such transport, it is neces- 
sary to keep the ventilators on both sides wide open; the openings 
are covered with an air filter. The insulated walls of the car then 
act as a heat-protecting cover against the sun. If such a flow of air 
is not allowed, and the car is closed and ice is used to cool the meat 
during transport, the carcasses became slimy and very quickly de- 
teriorate. 

When the killed animals have been cooled down to about —2” C. 
before loading, the ventilators are closed, the ice container 1s filled, 
and eventually a small percentage of salt is added to counteract 
the heat flow through the walls. 

For transporting fresh meat, a three-axled car is used, which with 
ice-container and hanging arrangements still maintain a ratio of 1:1 
between its weight and loading capacity. This car is constructed 
on the principles already described. The heat flow from outside, 
when the car is closed, is about 1,400 calories per 1° C. difference in 
24 hours. Yo avoid mistakes in handling this car for different pur- 
poses, the facilities open and close by turning a handle outside the 
car. 

The intermediate wall between the ice container and the interior 
of the car is made in sections like doors. These doors as well as the 
ventilators open and close by the same handle. After turning the 
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handle to the desired position, the handlebar is locked to assure that 
nothing can be altered during transport. | 

Long journeys and frequent delays at national borders for customs 
formalities indicated the necessity for a car with mechanical refrig- 
eration. At first a Compressor system was used, with power obtained 
from the axle of the car. Because of the difficulty of obtaining water 
when the car was running, and because of the difficulty of obtain- 
ing electric current when the car stood still or was shunting about, 
this system was never popular. 

Notwithstanding the difficulties of using mechanical devices for 
cooling, it became more and more necessary, especially for transport 
from the Balkans where hardly any cold-stores or ice-factories existed, 
to find ways to cool the goods and to cool the cars before loading. 


THE REFRIGERATED TRAIN 


These difficulties were solved by constructing a refrigerated train, 
consisting of one car containing a compressor driven by a crude-oil 
engine and having a water-tank for cooling water coupled to six 
or eight insulated cars. The cars are cooled either by cold air driven 
by a strong ventilator from the machine car or by brine pumped from 
the machine-car. The cost of running these trains is considerable 
since cach train requires two engineers. Consequently these trains 
are used only for large loads of 100 to 120 metric tons. 

To transport fruit from Italy to various North European coun- 
tries, a two-axled standard car was introduced with an ice con- 
tainer and fitted with a strong ventilator driven from the axle of 
the car. 


THE DYNAMO-VENTILATOR CAR 


Out of this experiment evolved a new construction, called the 
Dynamo-Ventilator car mainly used for the transport of fresh meat 
and fruit. It is a two-axled car with a 10 cm. cork insulation, a floor 
space of 23.42 meters, and 18 hanging bars with 12 hooks each. The 
bars and hooks are made of new light metal and the ice container 
holds 1,800 kg. of ice. The ratio of car weight and load is 1:1, 

In this car an electrically driven ventilator draws the warm and 
moist air trom the loading space through a duct that runs along 
the ceiling. From the duct the air goes down through the ice, leay- 
ing the ice-bunker at the bottom through an opening in the in- 
sulated partition wall, and enters the loading space cooled and dried. 

Phe car is well insulated and air-tight. “The strong air circula- 
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tion prevents the moisture from depositing on the goods, and undue 
shrinkage is prevented by maintaining a fairly high relative hu- 
midity without the risk of mold or deterioration. ‘The tempera 
ture obtained is —2° to + 3° C. with a relative humidity in summes 
of about 85 percent. 

The ventilator is driven by a dynamo connected to a battery, which 
keeps it running continuously during the transport period, whethei 
the car is moving or stationary. ‘The dynamo is driven by the car 
axle. The construction of the battery, the dynamo, and the fan is 
such that after the car has run four to five hours, the battery. is 
charged sufficiently to drive the fan for 60 hours. 

The system works automatically and is often used by railway 
companies for lighting passenger trains. It requires no attention 
or safeguards and accords with the different railway regulations. 
In the air-duct under the ceiling, against the opposite end of the ice- 
bunker, are two Flettner rotors as a safeguard in case of break- 
down of the fan system. The cost of running such a car is hardly 
higher than that of running an ordinary refrigerator car cooled with 
ice, and is much lower than running a mechanically cooled car. 


THE ROLLING COLD-STORE 


To facilitate the distribution of trozen goods in small towns and 
villages, and to share the benefits of refrigeration with farmers of 
the various food-producing countries, a car was constructed that 
could be left on the siding at any small station in a rural area, 
either for distribution or as a cold store in which fruit and vege 
tables gathered in the vicinity could be cooled and transported. 





Figure 71. The “Rolling Cold Store.” 
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The car constructed for this purpose is a three-axle car with an 
antechamber in the middle (Figure 71) and two compartments at 
cither end capable of holding about 9 metric tons each. The cooling 
medium is ammonia in an absorption system. This car, generally 
known as “The Rolling Cold-Store” was later fitted with a silica- 
gel system, but the necessary permission from the railway author1- 
ties to use propane gas for heating was never obtained. 

To be able to run the refrigerated load without transfer from 
the continent on a ferry-boat to England, a special car was built by 
the Altec Company on principles described above, so constructed as 
to be capable of running on continental as well as on English rails. 
The weight of this car, including machinery, water-filling, and oil 
supply, is about 32,000 kg., and the load capacity is about 25,000 kg. 
It is cooled by an ammonia compressor, driven by an electric motor 
supplied from a dynamo driven by a Diesel engine, and regulated 
by a thermostatic arrangement, which controls the temperature of 
the load compartment. 

The development of quick freezing, especially of fruit and vege- 
tables, brought new problems to refrigerated transport. “empera- 
tures much lower than before had to be maintained even over shorter 
transport distances and smaller units than a railway car were needed. 
To meet this need, container units were constructed on the same 
principles as a truck body with a load capacity of about 2 or 3 metric 
tons. ‘Phe containers are on flanged wheels and can be run off load- 
ing platforms onto a motor truck with rails sunk into the floor or 
they can be run onto a four-axled flat car with rails fitted crosswise 
on the floor. A locking arrangement keeps the containers fastened 
during transport. Seven units are carried on a railway flat car, the 
middle one being the machine unit for refrigeration, connected to 
the three units on either end. In the machine-unit is a 40 horse- 
power Diesel engine which, through a dynamo, supplies power to 
four electric motors, each running a compressor of 6,500 cal/hr. 
Four ventilators, each of 14 h.p., circulate the air through the six 
containers. ‘Temperature can be maintained at 20° C. 

The difhculty was that very few motor trucks fitted with rails 
were available in the provinces, and at many places no crane existed 
capable of lifting the container from the railway car to an ordinary 
motor-truck. It was therefore decided to rebuild some of these cars, 
somewhat on the order of the “rolling cold-store” cars, with the 
machine unit in the middle and two compartments at each end, as 
illustrated in Figure 72. The loading capacity was thereby raised 
to 20 or 30 metric tons, depending on the nature of the goods. The 
machines work automatically. In the machine unit is a sleeping 
berth for an engineer, who has to accompany the car on its journey. 
Naturally, transport in such a car is somewhat expensive, | 
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Water ice and salt, on account of their weight and volume, could 
not be used in such small units, and attention was drawn to dry 
ice as a possible cooling medium. 

The temperature of the dry ice is —80° GC. It sublimes directly 
trom solid carbon dioxide to the gaseous form (500 1/kg.), thereby 
absorbing 153 cal/kg. Sublimation is very slow, taking 20 to 25 
hours for a 10-kilogram piece to evaporate. It was learned gradually, 
that dry ice could be used to maintain all temperatures from above 
0] G: and down to’: —20° to. —25° C.. if applied in different ways. 


REFRIGERATED TRUCKS 


The desire to transport frozen products over short distances 
brought about the construction of refrigerated motor trucks. The 
body of these tucks was constructed on principles similar to the 
car bodies, but instead of cork, 10 cm. of kapok was used for in- 
sulation; this seems more suitable when dry ice is used as a re- 
frigerant. 

In one of these truck bodies a dry ice container is placed under 
the ceiling of the roof, the floor of the dry ice container being an 
aluminium plate about 2 cm. thick on which the dry ice is placed. 
At one end of this container a wire netting allows the carbon dioxide 
gas to enter the load compartment. In another, there is an insulated 
room at the back of the truck body in which the dry ice container is 
placed. The top and bottom of this room are connected with the 
load compartment, and three Flettrer rotors sunk into a ceiling air- 
duct takes care of the circulation. ‘The gas is thus prevented from 
entering the load compartment. 


Figure 72. Refrigerator car with two compartments at eac h end and refrig 


erating unit in the middle. 





Autotruck haulage of perishable goods under refrigeration, even 
over long distances, has been developing considerably in recent years. 
Autotruck bodies are built on the same principles already discussed 
for railway car bodies. 

At first dry ice was used for transport by hanging it in sacks from 
the ceiling, or placed in small bunkers inside the load compartment. 
This, however, is an inefficient way to use dry ice and it does not 
euarantee safe transport of frozen products. It would be more efficient 
to construct the railway cars or autotrucks on the same principles 
described for standard car bodies, with a more effective dry ice cooling 
arrangement. 

There must be a dry ice container, well insulated from the load 
compartment. For actual cooling of the load compartment there 
should be a secondary refrigerant, or brine, circulating through finned 
coils extending around or over the load compartment. The re- 
frigerant should run through the dry ice bunker, to cool it. “Tempera- 
tures in the cooling coils of the load compartment can be regulated 
by a thermostatic valve, to control the flow of the secondary re- 
frigerant. 

One of the greatest difficulties with dry ice as a transport cooling 
medium is its distribution from the factory to the customers, for it 
is uneconomical to maintain a stock at various depots. 

World War II created havoc with the refrigerated railway cars on 
the continent, most of them having been destroyed or damaged. 
New cars must be built, and it is to be hoped that the experience 
gained in the past may be fully utilized in the future when the re- 
storation of Europe will necessitate the construction of new convey- 
ances to meet the requirements of safe transport of perishable goods. 
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12. Marketing Frozen Foods 


in Europe! 


THE MAIN PURPOSE ol freezing food is to preserve products 
during the harvest season and to keep them fresh and nutritious for 
consumption when fresh supplies are low. 

European production of frozen food, other than fish, for inter- 
national trade is still quite small and scattered. In Europe, meat, 
poultry, and eggs are frozen or chilled mainly for domestic con- 
sumption; commercial freezing of fruits and vegetables is_ still 
small. 


TECHNOLOGY OF MARKETING 


Some of the more important features of the technology of market- 
ing are: (1) production, quality, packing, and storage; (2) transport, 
trade and exchange problems, distribution; (3) prices and payments. 
Among these features each product will find its place, but the 
marketing of all frozen foods is closely related. How each product 
or group of products may need one another on the march to the con- 
sumer is illustrated by the example of meat, poultry, and some fishery 
products, which may need to bear a greater part of transport costs 
than, for example, vegetables. 

The system of marketing differs widely in various countries and 
for different foods. Frozen food may be bought and sold freely be 
tween countries, or its movement may be restricted by trade agree: 
ments, exchange regulations, etc. The food trade in some countries 
may be handled by private producers and businessmen, in others by 
producers’ organizations, co-operatives, or government agencies. 





'Based on a paper presented by N. Jangaard. 
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Those concerned with marketing must acquaint themselves with 
such problems and decide how to tackle them. However, the market 
ing possibilities for frozen fresh food and the steps necessary to in- 
troduce frozen food in European markets are indicated here. 

Frozen food is a relatively new produce in the world. New methods 
of freezing food and keeping it in the most nutritious and attrac 
tive way are continually being developed. The freezing industry 1s 
sill pioneering in this new and important field. Packers of frozen 
foods and distributors of chilled and frozen food are also in the 
pioneering stage. Like all pioneers, they face difficulties of various 
kinds. 

It may be asked if it is worthwhile to spend so much time and 
energy on introducing this new method of food preservation, on 
marketing frozen food, and on teaching people how to cook frozen 
food. Known and proven ways of preserving food, such as salting 
and drying are easy to use and cost less than freezing. There is 
a well-developed canning industry which is processing foods of many 
kinds into well-preserved and nicely packed jars, cans, and bottles. 
Why not expand these ways of food preservation, instead of intro- 
ducing a costly new method which needs pioneering and tremendous 
effort in processing and marketing? 

Farmers, fruit and vegetable growers, and fishermen, know the 
answer to this question, for farmers and fruit growers are well 
aware that these processes cannot take off their hands all the crops 
of their farms and orchards at satisfactory prices during the short 
harvesting season and fishermen know that these industries cannot 
take care of their catches as rapidly as necessary, so they can make 
new catches and increase production. 

To a large extent, preservation by salting and drying are onl 
subsidiary processes, using supplies which cannot be sold fresh or 
canned. And, the return from these processes is less than for food 
consumed fresh or sold to canning factories. Consequently, these 
methods alone are not satisfactory to the producers. 

The freezing industry should relieve the farmer and the fisherman, 
give him a better reward for his products, encourage him to pro- 
duce more. Food freezing will not eliminate other food preserva: 
tion methods. Canning will certainly continue to develop and at 
least to hold its own. Dried fruits and vegetables, salted and dried 
fish will keep their own markets. The conservation of food by freez- 
ing will greatly assist in the balance of production, enabling the 
producer to divert crops to those processes which are most suitable 
and remunerative for him. The development of food freezing will 
also enable the farmer and the fisherman to produce more, and it 
will inspire him to produce a greater variety of products which are 
suitable for freezing. 


198 


Other technical improvements have greatly served the expansion 
of agriculture and fisheries. Agriculture has greatly benefited from 
the tremendous expansion in farm tractors and harvesting machines; 
fisheries have been assisted by the advent of the Diesel motor, 
auxiliary machinery, and tanks for live bait. Refrigerated railway 
cars, motor trucks, and containers for transport are important de 
velopments. All of these technical developments have a bearing on 
marketing and provide an approach to marketing problems. 

Marketing technology is the basic starting point for a marketing 
survey. Any change in technique immediately affects other phases 
of marketing. A change in production, in freezing, in packaging, or in 
transport, may have an impact on other aspects of the marketing 
scheme, such as price calculations of raw materials and finished 
products. Technical alterations may even change the direction of 
flow of goods. 

Restriction of trade by agreements and exchange regulations both 
influence international trade, and therefore become part of the 
technique of marketing. A study of these technical problems in the 
marketing of frozen foods shows why marketing is difficult and why 
it is pioneer work for producer as well as distributor. | 


THE IMPORTANCE OF QUALITY 


For high-quality frozen foods it is an absolute necessity that 
only strictly fresh products be frozen. This holds for fishery prod- 
ucts and agricultural products, and should be obvious. It is men- 
tioned because there may be some temptation to freeze products 
which are not strictly fresh and because it may be difficult to detect 
the quality defects in a frozen product which could be seen in the 
raw material. However, when such products reach the consume! 
and are thawed for cooking and eating, the defects are sure to ap- 
pear. This is damaging to the trade in frozen food. It often ruins 
the efforts made to introduce frozen food to the consumer. It is one 
of the principal stumbling blocks in the marketing of frozen food. 

After it becomes stale, fresh food does not recover its freshness 
by refrigeration. Deterioration may be arrested by chilling and 
freezing, but it will appear again, either at the same stage or in a 
more advanced form, when the food is thawed. The degree of de- 
terioration depends on storage, transport, distribution, and other con- 
ditions. This is of particular importance in freezing fish, but it 
should also be kept in mind for fruits and vegetables. 

Those in charge of marketing frozen foods, whether producers, 
sellers through co-operatives, or commercial firms, must be sure that 
they are introducing to the market a strictly fresh product, and 
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must be able to convey their assurance to the buyers. This is the 
first must in the marketing scheme for frozen food. 

From that first sale, and until the frozen food reaches the con- 
sumer’s table, it can have rather rough sailing. Other foods -pre- 
served by methods such as canning or dehydration may not concern 
the producer much once they have left his farm or production 
plant. Less perishable food may follow the ordinary course of trade, 
by-pass bottlenecks, and encounter the usual obstacles without burn- 
ing the hands of the producer too much when something goes 
wrong. But it is not so with frozen food. The producer of fresh and 
frozen food needs to follow his products all the way to the con- 
sumer’s table if he is to succeed in establishing a new and important 
market for his goods. ‘This may frighten a producer of vegetables, 
fruit, or fish, in any country. He may ask: Why is it necessary to 
go to so much trouble? How could I possibly participate in such 
a complicated arrangement? 

The first and perhaps the most understandable reason for de- 
veloping the preservation of perishable foodstuffs by refrigeration is 
the improvement of marketing for the benefit of the producer. Aver- 
age yields per hectare of many products are about on the same high 
level in the United States of America and in Western Europe, but 
farm incomes are considerably higher in the first named country. 
Doubtless, then, if the marketing of these products in Europe were 
equally developed, better returns from the land would result, thus 
giving a better income to the producer and a better living for the 
people. ‘There is another reason why the producer must be unusually 
active in this field: If frozen food is not handled properly, if it 
reaches the consumer in bad condition, it slaps right back to the 
packer. With many other kinds of preserved foods, a bad product 
may only cause the consumer to change the brand. But, if the con- 
sumer gets a bad frozen product, he may blame it all on the fact 
that it is frozen, and may never want to buy frozen food again. This 
hurts not only the individual packer, but the entire frozen food 
industry. 


MARKETING DIFFICULTIES 


The pioneers of frozen foods have had a hard struggle with the 
unwillingness of the consumer to accept frozen food as the equal 
of fresh unfrozen food. The backbone of this consumer resistance 
has been broken in countries where the frozen food industry is most 
advanced. It is necessary to overcome this resistance in Europe. This 
is part of the marketing problem of frozen food. 

How can a producer take his part in the complicated marketing 
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of frozen food? It may not be possible or advisable to market frozen 
perishable products in the same way as nonperishable products, since 
the latter can be more easily handled by the trade than frozen perish. 
able food. Fresh products may have to be brought from farms and 
orchards, or from small fishing ports and islands to processing plants 
and shipping centers by special transport. ‘hey have to be sold in 
lots big enough to fill refrigerator cars and trucks. ‘They have to be 
stored in sizable quantities, both at the processing and at the receiv: 
ing centers. For these and other reasons the producer should follow 
the goods until they reach the ultimate consumer. 

Because of the special character of frozen food it cannot be ex- 
pected that private trade will be very active in organizing its market- 
ing in Europe. But private trade will naturally have an important 
part to play in various phases of distribution. ‘his part of the mar 
keting problem has been and is being studied in the United States, 
the most advanced country in the field of frozen food. Conditions 
there, are, however, different from those in Europe. In that country 
there is free travel from state to state and trade with all states 
without the trouble faced in Europe when crossing borders. ‘They 
have therefore developed different ways of trade, and can more 
easily reach markets. Nevertheless, they have found that frozen 
foods must be channeled direct from producer to consumer. ‘This 1s 
done, for example, by agreement between producers and large chain 
stores, which reach consumers all over the country and have financial 
means for large-scale organization of distribution. 

There is no chain-store system covering the whole of Europe, and 
it may be necessary to establish intra-European distribution of frozen 
perishable food within the complicated framework of differing cus- 
toms and trade policies. There is, however, no difference of opinion 
among European nations as to the necessity for all to raise produc- 
tion and consumption of perishable foods. Being all in the same 
hemisphere, and harvesting their crops practically at the same time, 
the possibilities of selling their products fresh during the harvesting 
season are poor. They must, therefore, look tor new preservation 
methods, and chilling and freezing are becoming of more importance, 


Distribution among Countries 


Distribution among European countries is a vital feature of mar- 
keting frozen food. A system must be established that can bring the 
food quickly and safely across borders from the producer to the 
consumer. Such a system will require well organized action. Pro- 
ducers must jointly collect their crops for freezing, and build freezing 
plants and cold stores, or enter into agreements to this end with 
private enterprise. It seems equally necessary for administrators of 
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freezing and storage plants in the various countries to co-operate in 
the maintaining of quality and stocks processed and ready for 
marketing, 

Those in charge of marketing frozen food must co-operate with 
marketing organizations in other countries in order to avoid the 
elutting of markets and consequent waste. When the main purpose 
of preserving fresh food during seasons of high production is to store 
it for marketing at more suitable times it would be meaningless not 
to control sales. Co-operation with and among railway companies 
and other transport organizations will be necessary for safe refrig- 
erated transport. Processors must establish co-operation with organt- 
zations in the various countries for a safe and sound system of retail 
distribution. 

Such a system of co-operative effort may seem Utopian, and its 
realization in this troubled world may seem impossible. But it needs 
immediate study and preparation, for producers are being encour- 
aged—now—to adapt their pattern of production to the standards 
necessary for the preservation of food by cold. 

During the relatively short time that the frozen food industry has 
existed in North America, about 90 percent of all its troubles have 
arisen from distribution. Now the industry is seeking closer co- 
operation with large retail organizations, for better distribution. 
Europe, having learned from the North American experience, should 
develop its own system, based on European background, problems, 
and preferences. 


PRICES 


In general, the price of frozen food is still higher than, for in- 
stance, canned food. Prices of some frozen foods are higher than 
those of fresh products. Frozen fish, poultry, and meats, are ex- 
ceptions: they commonly sell at the same or a lower price than com- 
parable fresh products. It is evident that prices of many frozen foods 
are too high, and price is one of the main obstacles to increased 
consumption. 

When cost of processing, storing, transport, and distribution are 
taken into consideration, it is clear that frozen food must be ex- 
pensive. However, it need not be so expensive as it is. There 
is no reason why it should not be sold as cheaply as canned food. 
To reduce prices, production and marketing must be rationalized. 
Greater production, if not mass production, will materially reduce 
the cost of production. Greater quantities to be frozen and stored 
will force the industry to make more efficient use of machinery and 
Storage space, resulting in lower handling costs and lower prices. 
Greater quantities for transport will reduce transportation costs. 
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These improvements can be introduced by the producers themselves. 
It has been proved in North America, that increase of production 
followed by increase of consumption has reduced prices of frozen 
foods considerably; they are now coming into line with canned and 
fresh food. 

Technical development in food freezing will help to reduce the 
cost of production. Scientists and technical people are constantly 
working on new processes and developments in freezing food, and on 
new and better methods of utilizing offal and waste. Specialists are 
busy in the marketing and distribution field to help develop better 
methods of transport, thawing, and cooking of frozen foods. Elec: 
tronics and other new inventions are already in use for freezing food, 
and in defrosting. It has been found that by high-frequency dielectric 
heating, a kilogram of frozen fruit can be defrosted in three or four 
minutes as compared with the three or four hours ordinarily required. 


NEED FOR CO-OPERATION 


All this work must be done by organized effort if more and better 
food is to be produced for the good of all. The farmer and the fisher- 
man, the scientist and the technician, the laborer and the tradesman, 
must work on it together. The time of the lone-hand player is past. 
The technology of production—of sowing and harvesting—the tech. 
nology of industry—of freezing and packing—and_ the technology 
of marketing—of buying and selling—must be accompanied by the 
technology of co-operation and human relationships. “This tech- 
nology is far advanced in Europe, so the freezing and marketing ot 
food should be fitted into the existing co-operative machinery. 

For co-operation in the field of marketing, the Food and Agricul- 
ture Organization of the United Nations ts ready to give all possible 
assistance. he main purpose of FAO is to help increase produc- 
tion and improve distribution of food. FAO is greatly interested in 
the better marketing of food and is aware of the importance of 
preservation of food by refrigeration. FAO has, therefore, taken up 
the work of improving this industry in its member countries. FAO has 
established co-operation with the Economic Commission for Europe 
for practical action on a number of pertinent problems, and on the 
problem of exchange and trade agreements for facilitating trade 
among European countries. 

Until definite progress is achieved along these lines, European coun- 
tries are not able to take full commercial advantage of developments 
in the freezing industry for intra-European trade. This may be par- 
ticularly true of countries trading especially in fishery products. For 
the time being, these countries may have to tackle their marketing 
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problems on their own initiative and risk. ‘The development of 
broader marketing schemes for frozen food will be more rapid if the 
agricultural countries of Europe establish a similarly developed 
freezing industry and cold-storage system for mutual exchange of 
frozen foods. 

Meantime, studies should be made of available material from othe 
countries, especially from the United States of America with regard 
to marketing frozen foods. Such material covers experience gained 
through many years of consumer resistance, technological develop- 
ments in marketing, institutional use of frozen food, utilization of 
waste, price calculations, and related subjects. 
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CONVERSION FACTORS 


Conversion factors shown below have been approved for the use 
of FAO by two international conferences on forest statistics, held in 
Washington and Rome in 1947, 

These factors are averages, adopted by agreement. However, if any 
country considers that serious errors in the conversion of its statistics 
will arise through use of these standardized factors, FAO will be pre- 
pared to use specific factors recommended by that country in con- 
verting its statistics. 














1 millimeter = 0.03937 in. | inch == 25.40 mm. 
I centimeter ==' 0.393/ in: 1 inch =~ 2540° cm: 
LENGTH I meter SOL ite 1 foot = 0.3048 m. 
| meter =— 1,09dands 1 yard = 0.9144 m. 
| kilometer = _ 0.621 mile 1 mile = 1.609 km. 
1 yard —= 3 feet — 36 inches 1 mile = 1,760 yards = 5,280 feet 
1 cm? a O.150-o An I sq. in. = 6.452 cm? 
brie = 10.76 sq.ft. 1 sq. ft. —= 0.0929 m? 
AREA 1 km? ==. 0.3861 sq. mi 1 sq. mi. === 42:59. km’* 
1 hectare = 0.003861 sq. mi. 1 sq. mi. eae, 259" ha: 
1 hectare = 2.471 acres 1 acre = 0.4047 ha. 
1 square kilometer — 100 hectares | square mile —= 640 acres 
ecm? En O.0GL Clin 10: [$cQ. 10. == | G-s¥cm 
ans == Dk, OU ft, I cui ft. = 0.02832 m’ 
VOLUME — 1 liter — ly May =) am te ew. in. = 0.01639 liter 
1 liter = 0.2642 gal. (U.S.) 1 gal. (U.S.)—= 3.785 liters 
I liter = 0.2200 gal. (Imp.) 1 gal. (Imp. 4.546 liters 
1 liter = 1,000 cm’ 1 gallon = 4 quarts 
| gram = 15.4324 grains 1 grain = 0.64799 gram 
| kilogram == 2.205 pounds 1 pound = 0.4536 kg. 
MASS 1 metric ton — 1.102 short tons 1 short ton = 0.9072 metric ton 
1 metric ton = 0.9842 long tons 1 long ton = _ 1.016 metric tons 
1 kg. per m? = 0.2048 Ib. per 1 Ib. per = 4.882 kg. per m’ 
PRESSURE eos. ft: sq. ft. : 
1 gm. per cm’ _ 0.0142 Ib. per 1 Ib. per ==)70.9l, gm. ‘per cm- 
sq. in. sq. in. 
: 2 2 « a — 16.02 kg. per m’ 
ae l ke. per m* = (0.06243 cu..ft. | oy nig ==a1b.02 ke. per 





Inches, feet, yards, and miles are U.S.A.: British units. 
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